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ABSTRACT 
To remain competitive in todays~s increasingly automated environmentv 
manufacturing industry must take a more proactive and strategic attitude 
towards maintenance, This thesis apphes these conceptsv as a case studyr 
to Philips Components Durham · · an advanced manufacturing unit for colour 
television tubes, Consideration is first given to modern manufacturing 
strategies and the business objectives which the maintenance strategy must 
support, Recent organisational changes are then discussed and analysis 
made of the maintenance information systems infrastructure, Having related 
the maintenance department functional requirements to proprietary equipment 
management packagesv the area of machine breakdown data collection is 
further discussed, 
To address the need for improved feedback on machine performancef a shop 
floor data collection and analysis system (EQuipment Utilisation 
ImProvement system) has been developed and commissioned, This system now 
provides more accurate and detailed information than was previously 
available. A further success of this system is thatf as a pilot projectf 
the system has highlighted many organisational and technical issues, These 
must be addressed before a more comprehensive equipment rr~nagement package 
could be successfully implemented, Based on the knowledge gained from the 
implementation of this systemf recommendations are made on the 
responsibilities for maintenance tasks, appropriate training for 
maintenance personnel and the further development of information systems to 
support the maintenance function. 
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LIST OF TERtYJS 
The terms listed below are for general reference, Other terms used only in 
one chapter are defined where they occur and are not included here, 
~QAP :_ A1lie¢l_£orce_s_ Qyality Assur"!QCe Procedure 
Originally a military specificaUon which has been adapted and is now 
widely used in industry, 
The fraction or percent of uptime, Availability is measured by dividing 
hours of uptime by scheduled running hours, 
MTTF 
Mean Time To Failures, Is the average available time between equipment 
failure, An important characteristic with respect to machine performance 
and this parameter is failure pattern eog, time basedp random etc, Also of 
significance is the availability of suitable parameters to detect the 
onset of failure, The inverse of MTTF is the failure rate or the number of 
failures per operating hour, 
MTTR 
Mean Time To Repairo Is the average time necessary to repair and return 
equipment to service once a failure has occurred, 
Pareto 80/20 Rule 
Originally devised for stock analysis although can be readily translated to 
other areas. 80% of the value of stores items is held by 20% of the volume 
of goods, 
PPM : Parts Per Million 
Number of occurences in a given population, A commonly quoted quality 
parameter, 
Reliability 
Is the probability that a piece of equipment or a component will operate 
satisfactorily for a specified period of timeo 
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CHAPTEf{ __ ].:. __ ~ INTRQ_DOC'J'J.ON_ 
Historicallyf British industry has underspent on ~aintenance, partially due 
to its low profile within the manufacturing organisation. In today 0 s 
competitive envtrorunent, companjes must take a much more proactive and 
strategic attitude towards maintenance" Poor maintenance now has 
implications beyond the cost of downtime, the non··availability of plant or 
quality problems can lead to market failure. 
In Britain, it was the advent of microelectronics and the move towards 
capital intensive integrated manufacturing that first raised questions 
about the opportunity costs of under-maintaining" 
In 1968, a study on engineering maintenance in British Manufacturing 
industry was carried out on behalf of the Ministry of Technology. It 
reported that : 
1) The total direct cost of engineering maintenance was approximately 
£1,100 million per annum (value circa 1968). 
2) Improved productivity of maintenance staff could have led to a 
reduction in maintenance expenditure of around £250 million per 
annum. 
3) Better maintenance could have saved about £300 million per annum of 
lost production caused by unavailability. 
In 1972, a steering committee, set up to examine the broader findings of 
this reported, concluded : 
"The nature of the maintenance activity was determined by the manner in 
which plant and equipment was designed, selected, installed, commissioned, 
operated, removed and replaced. Major benefits could come to British 
Industry from the adoption of a broadly based technology which embraces all 
these areas, and because no suitable word existed to describe such a 
multidisciplinary concept, the name 1 terotechnologyo was adopted". 
The extent to which the terotechnology initiative has impacted upon 
maintenance management is debatable. While it is accepted that integrated 
process technologies cut across conventional boundaries and that benefits 
.c0'ii';:" 
•' --/'\' ;\._<.\ 
I ~ -... ~ .... ,~4 ~t,.....'tr'\ 
- - ;, .·. ·t, \"'i,_J; 
1_/'·1 _-"'')'; ~..;;:.:.>y 
could be derived from more congruent maintenance and work organisalions in 
the pastu many companies have not sought to address these dee~~rooted 
issues. 
Howeveru in Britain the changing economic climate is now bringing renewed 
imputus to comprehensively re· ·organise and tormali.se the maintenance 
process. There is now a growing belief that a more effecUve maintenance 
strategy can bring cost savings and competitive advantage in its own 
right. 
Greater factory automation has led to a significant increase in maintenance 
budgets relative to other production activities. For examplev the average 
engineering maintenance budgetf as a proportion of factory operating 
expensesv has increased from approximately 10% to 17% during the period 
1982~1986. 
Companies now striving to enhance the effectiveness of their maintenance 
organisation tend to be active in two major areas : 
1) Organisation 
Notable improvements are being gained from changes in maintenance work 
organisation. Conventionallyf British manufacturing companies have 
differentiated job structures in keeping with Taylorist notions of 
functional specialisation. The Maintenance Department is set apart 
from Production and typically has a different skill status. 
Progressive management thinking is now to support the use of more 
homogenous job structures for Production and Maintenance personnel as 
a means of achieving improved quality of maintenance. This naturally 
leads to the formation of multi-disciplinary work teams. 
2) Information Technology 
Control of the maintenance organisation requires improved methods of 
measuring and quantifying maintenance activities. To support these 
new performance monitoring procedures requires the implementation of 
information gathering systems. Of particular interest are integrated 
asset management systems which can be valuable tools in increasing the 
overall level of professionalism of the maintenance function. 
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Phi.l.ips Components Durham is one of nine Elcoma Display Components 
involved with the manufacture of colour television tubes, The factory was 
designed fiften years ago for the production of a single tj~e of TV tube" 
Today the factory employs lv300 people and produces approxima.t-.Ply l, 7 
mDlion tubes a year of 3 major types (Flat Square Narrmv Neck v Flat Square 
Mtni Neck and CM'I'). Production is carried out on a 3 shift systemc 5 days 
a week with set/fixed plant shutdown holidays. All major. engineering work 
is scheduled for planned shutdowns. The plant is based on a single site 
but is diverse and in partsv very complexu in nature. It is the 
responsibility of the Maintenance Department to maintain all production 
equipment in the plantu at an approximate annual budget of £2 million, Due 
to its capital intensive natureu the factory operates on a high volumev low 
cost principle = the cost of bottleneck equipment failure during operating 
hours is therefore significant, Improved effectiveness of the maintenance 
function can therefore play a significant part in the financial performance 
of the plant. With respect to lost factory capacity due to machine non 
availability; a 1% improvement in capacity on the FS bottleneck equates to 
£250,000 improved performance per annum and for the CMT bottleneck £70u000 
per annum. 
An effective maintenance organisation at Philips Durham is therefore most 
desirable. This thesis relates the above described industry developments 
to Philips Durham; with the overall objective of highlighting possible 
improvement areas. 
Consideration· is first given to modern manufacturing strategies and the 
business objectives which the maintenance strategy must support. Recent 
organisqtional changes are then discussed and analysis made of the 
maintenance information systems infrastructure, Having related the 
maintenance department functional requirements to proprietary equipment 
management packages; the area of machine breakdown data collection is 
further considered, To address the needs in this area, as a pilot projectu 
a shop floor data collection system has been developed and is detailed. 
Finally, details of suitable maintenance performance indicators are given. 
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CHAPTER 2 ~ BUSINESS ENVIRONMENT 
. - -
AJJ. implementation of systemsv whether computerised or manual 7 must be 
"needs driven 11 , 
To accurately determine these needs it is necessary to refer to the 
manufacturing strategy and the objectives that are being worked towards and 
from these overall objectives it is then possible to determine a suitable 
IT strategyv a framework in which any proposed developments can then be 
considered, 
At the time of writingv both the manufacturing strategy and information 
strategy for Philips Components Durham have yet to be officially decidedo 
It is not within the scope of this thesis to determine these two 
strategieso Howeverv consideration must be given to their direction to 
facilitate the appropriate environment for further developments, 
Philips Global Strategy 
Recent poor trading figures for Philips (a 19% fall in profits from 1986 to 
1987) have intensified pressure to improve the company 1s performance (Ref : 
Appendix 1 : Philips Earnings Blow a Fuse), 
In broad terms the following requirements have been set as business targets 
by Company President 1 Mr Cor van der Klugt : 
1) Increased Return on Capital : 8% before taxu giving 4% after taxo 
2) Increased liquidity/cash flowo 
3) Decreased investmento 
2,2 Manufacturing Strategy 
The interactions between various corporate strategies can be 
represented as in Figure 2,2, 
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Strategy decisions need to take account of the impact of manufacturing 
on corporate objectives. 
Competitive advantage can be gained through a good degree of fit 
between a company 0s marketing strategy and manufacturing 0s ability to 
support it. Both factors must be known at the business level and 
objectively resolved within corporate perspectives (Ref. 7). 
For this to take place relevant internal information which explains 
the company 0 s manufacturing capabilities needs to be available at 
Senior Management levelu along with traditional marketing 
information. To be effective the ownership of its use must be vested 
in top management. 
An information technology strategy is also required to ensure that an 
appropriate communications infrastructure is developed to support the 
business and manufacturing strategy (Ref. 6). 
When determining a manufacturing strategy there are three fundamental 
modern manufacturing concepts which warrant further discussion 
Computer Integrated Manufacturing (CIM)f Total Quality Control (TQC)u 
and Just In Time (JIT) production techniques. These are represented 
in Figure 2.3. 
-S-
The fact that these concepts are illustrated as having areas of 
overlap is significant. The overlap between CIM and JIT illustrates 
that the two concepts are not mutually exclusive ~ JIT concepts can be 
integrated with Manufacturing Resource Planning (MRP)u a part of CIM. 
Furthermorev the fact that all three are represented on the same 
rnodelv with a significant area of overlapu implies that all three must 
be addressed in parallel in any overall program to gain competitive 
a?vantage in manufacturing. 
2.2.1 Just In Time (JIT) Concept 
The JIT concept originated as an integral part of Japanese 
manufacturing philosophyv and is a cornerstone of Japanese 
production management and productivity improvement (Ref. 14). 
The fundamental JIT idea is simple : produce and deliver 
finished goods just in time to be soldu subassemblies just 
in time to be assembled into finished goodsu fabricated 
parts just in time to go into subassembliesu and purchased 
material just in time to be transformed into fabricated 
parts. This in turn has a significant impact on batch 
sizes; Japanese industry tends to produce small quantities 
'just in time' whereas it is not uncommon in Western 
industry to produce massive quantities 0 just in case 0 • 
-h-
The JIT ideal is for all materials to be jn active use as 
elements of work j_n progressv never at rest incurring 
inventory charges - JIT therefore directly addresses the 
material cost component of productivityo The indirect 
eftects are even more pronouncedv effecting elements of 
productivity from scrap to worker motivation to process 
yieldo 
The Japanese methodology of Kanbanv is a possible means to 
help to move towards JIT productionv Kanban is simply the 
name of a specific Japanese inventory replenishment system 
developed by Toyota ·~ stockless production is another term 
sometimes used. With Kanbanv production output is 
controlled by the use of Kanban containers - a part is only 
manufactured if there is a demand for it and this is flagged 
by an empty container. If all containers are full then the 
production line is stopped. 
The overall JIT scenario is illustrated in Figure 2.4. By 
deliberately reducing the level of buffer stocks there is 
increased awareness of problems and causesv and this can set 
off the chain of events as illustrated. 
Fig 2.4 Jl T Production Dd{gcreto 
altftclraat!l c'1 !wgva 
litVCiitW"Io / o.moo 
~~'~ \ 
\ 
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2.2.2 
It must be stressed that JI'l' is a concepl which w:i.lJ. affect 
every area of an organisationv not simply a tool for 
reducing work· ·in ·progress (Ref. 13). Moving towards .JT'T' 
production is likely to involve everyone from the man on the 
Shop Floor through Purchasing through to Adminstration. For 
examplev if a manufacturing unit has a high stock of 
finished goods then under JIT is wouJ.d be lcgicaJ. to sJ.ow 
down production to reduce the level of finished goods 
stock. Howeverv if the factory is measured on its 
production volume rather than salesv then a conflict of 
objectives arise. If JIT concepts are to be pursuedu then a 
review of accounting and reporting procedures would be 
necessary. 
Total Quality Con~rQl 
Japanese quality improvement is partially addressed by Just= 
In-Timev but there are a host of other Japanese quality 
improvement concepts and proceduresu collectively known as 
Total Quality Control (TQC). TQC encompasses some of the 
JIT techniques and improves productivity through the 
avoidance of waste. Collectively JIT/TQC attempts to 
control such costly source of waste as idle inventoriesv 
storage costs and mass production of defective components. 
When producing goods for a high qualityv low cost market 
place then JIT/TQC can provide a powerful competitive 
advantage- producing quality goods vright first timev is 
not only necessary to meet product quality criteria but also 
if defective products are not produced 1 provides a cost 
advantage. 
Total Quality Control procedures particularly emphasise 
1) A goal of continual quality improvement. 
2) Direct line worker responsibility for product quality 
rather than a separate Quality Control Department. 
-R-
3) Quality control of every process e.g. Statistical 
Process Control Techniques 9 not re.U.a.nce upon 
inspection of lots from selected processes. Defect 
prevention" not random detection. 
11) Mea.0ure.s of quality that are simpleu visible and 
read:i l.y undcrsLandabJc. 
5) Automatic quality measurement devices. 
Figure 2.5 shows a top level framework for current 
definitions of CIM. 
Fig 2.5 CIM Top level 
The three functional nodes in this model are product and 
process designu manufacturing planning and control and the 
production process. In the case of CIMv the integrator of 
these three functions is information technology (Ref. 10). 
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ThLough j_nformabon technology dc:1ta. is deUncdv gathcredr 
stored and man:i.pulated to produce informal:iono This in tum 
facilitates integration of the whole sphere of manufacturj_ng 
ad:ivH.ieso 
The node manufacturtngr planning and control ~vUl now be 
discussed j_n fur the f.' detaU, 
Figure 2 o 6 shows the detail of the manufacturi.ng planning 
and control areao 
Fig 2.6 CIM Manufacturing Planning & Control 
SIMULATION 
Oi'l'TIMI~A 1101\l 
AN!J 
A~TIP'ICIAL 
INWll!~Q?: 
KAN~AN 
Underlying the basic concept of manufacturing planning and 
control are cost management systems which are central to any 
manufacturing function. Then comes production and material 
planning and scheduling. Two types of systems are used 
primarily : one is manufacturing resource planning (MRPII)r 
and the other is the Kanban system. The Kanban system is 
shown in the CIM manufacturingu planning and control node 
because it represents the information systems side of Just= 
In=Time production. 
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Procurementv or purchasing 0 requires support for these 
systemso rn lhe ClM frameworku purchasing systems are a 
further module of an overall factory control system of which 
MRP WOI-!.l.d also he a11 integral part" This module v driven by 
MRP logic~ c~n determjnp purcha~en j.tem needs, create 
purchase orders or releases against blankel orders and 
serve as the basis for a vendor rating systemo 
Manufacturing 0 planning and control also includes several 
types of manufacturng planning and support systemso 
Simulation; optimisation and artificial intelligence 
software have become technically established products and as 
such are now useful tools in solving complex logistic and 
production process problemso A key part of any 
manufacturers 0 overall programme to gain competitive 
advantage in manufacturng is a preventive maintenance 
programmeo Plant reliability must be assured before the 
benefits of JIT and TQC can be realisedo 
Philips Durham Manufacturing Strategy 
Colour televisions; especially 51FS derivatives; are now a 
mature product being sold in a worldwide market place of 
intense competitiono Factory selling price and product 
quality are key parameters in retaining and/or improving 
Philips market share of sales (Refo 7)o 
Similar to their competitorsv Philips have high costs due 
to the nature of the producto Economies of scale i.e. high 
volumes are therefore required to absorb these fixed costs 
onto the product to produce at a competitive price. This 
makes factory results very sensitive to output : if Philips 
do not meet their production targets; this seriously hampers 
their FSP and/or profit performance (Ref. 4). 
Fundamental to producing a low cost product in the present 
manufacturing environment are (Ref. 19) : 
- 1 I -
1) iYianufacturable producL To achieve n<?cessary high 
yields products must be designed with consideration of 
the manufacturing process, 
2) Mater iaJ. cost reductions thr.ough r.edesj.gnv 
substitution and slandardJsution, 
3) Maintainable and reliable processes to achieve high 
utiHsations and facilitate Just In Time principles, 
The design of process equipment should take into account 
the needs of the maintenance function, This subject is 
further discussed in Appendix 2, 
It is difficult to review Durhams performance with respect 
to previously quoted company objectives on return on capital 
employed as industrial units within the Philips group are 
not directly involved in product sales, In general Philips 
policy is that manufacturing activity tends to take place in 
production units separate from the true market place, 
Howeverv some measure of return on capital employed may be 
gained from consideration of : 
Turnover * ( 1) 
Net Assets Value * (2) 
* (1) : Turnover gives a measure of the number of products 
sold, Profits made on sales are determined by the 
activity of the commercial unit, our overall policy 
is to maintain a fixed price to the market place, 
* ( 2) Fixed assets are calculated to be approximately £40 
million = investment is being made at approximately 
the same rate as depreciation, Total assets 0 
including debtors 0 creditors and stock varies 
between approximately £52 and £57 million, 
For the first 6 months of 1989 0 this ratio is : 
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From comparison of these figures with other. data tt is 
possible to conclude that considerable operatJng 
improvements are required by Durhamv especi.ally on the CMT 
tctrt<.:Jev to n~eel Lhe business targeLs as defined by f\'Jr.. Vcto det 
r<J.ugt, 
More readily interpretable factory performa.nce indicators 
have been set by the business unit and are detai.J.ed in 
Figure/.,?, 
1987 1990 
3;000 - 12;000 Quality Level - Rejects in ppm 1,000 ~ 2 f 000 
100% Cost Price 75% 
95% Weekly Delivery Reliability 100% Daily 
6 Weeks Delivery Time 1-2 Weeks 
To move towards these required targets from their present 
position 0 Durham Management have outlined 7 improvement 
objectivesv as detailed in Figure 2,8, As illustrated and 
in line with modern manufacturing concepts; equipment 
performance is seen as a key area with respect to 
manufacturing performance, Equipment performance and 
maintenance strategy will therefore be discussed further, 
2,3 Maintenance Strategy 
2,3,1 The Objective of a Maintenance Function 
The high investment in capital equipment necessitates high 
utilisation of a companyns assets (Ref, 20), The 
maintenance function has a key role to play in asset 
utilisation and productivityr and the overall aim of the 
maintenance function is to provide a cost effective and 
comprehensive service, 
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.rv!qiJ}tenal!ce _.'~tr0~~qy -·~_J2fl_!nteqrQl l~0r:Lof tb~ 
_M_a_nu_factur: ~1'}9_ _ ~tr: '! ~~gy 
•rwn fn.ctor.s have emerged that affect the maintenance 
function directly anrl enable it to contribute to the 
profitabUH.y of the company, One j_s asset utiHsaUon and 
productivity, the other is a market driven demand for a more 
flex j_ble and responsj_ ve plan l ( Re:L 24) . 
The two principal requirements of the maintenance function 
are to handle breakdowns effectively and lo organise 
maintenance planning and parts replacement, To support the 
latter twor equipment performance data needs to be analysed 
so that schedules can be planned, 
Equipment monitoring can be accomplished in several ways, 
from recording manually either downtime or productive time, 
through to computer based process monitoring and control 
mechanisms. The latter offer more accurate data recording 
and data processing facilities and thus faster problem 
diagnosis. 
Stores inventory systems can record both the receipt and 
issue of parts and maintain stock balances, The overall 
objective of a such a system is to ensure that spare parts 
inventories are kept at optimum levels consistent with 
company goals for asset availability, 
FinallYv the maintenance function needs to input to the 
planned replacement of plant and equipment. Here, systems 
that evaluate the cost of replacing a piece of plant against 
the cost of keeping it properly maintained need to be 
adopted, 
To achieve the objectives outlined above; it is essential 
to develop a cohesive strategy that forms part of the 
overall manufacturing strategy (Ref. 23), 
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The move h:-om a br:-eakdo\1\rn to pr.evenU. ve maintenance 
situation demands considerable management tiffi2 and efforL 
Fairly extensive informat.i.on wiJ.J. need to be collected and 
analysed before it is possible to start developing planned 
schedules, 
It is poss:i.ble that pressures on ma:i.ntenance managers Lo 
deliver short term beneUts could restricl the move to a 
more planned maintenance scenario, 
The second major chaUenge is the establishment of a 
workforce with skills appropriate to the maintenance of the 
installed asset base, Herev consideration should be given 
to the changes planned within the manufacturing 
environment, The trend towards increased automation will 
almost certainly result in the installation of equipment 
with logic and analogue controls, As factories introduce 
more intelligent systemsv the need for electronic~ 
instrumentation and control engineers will increase, The 
maintenance function must establish a policyu either sub-
contracting these responsibilities to a third party or 
developing the necessary skills internally, 
Analysis of Equipment 
In the short termv data on breakdowns (causev elapsed 
downtimev work effort and parts consumed) provides management 
with an analysis of the achievements of the maintenance 
function, 
Equipment performance data can be captured in a number of 
waysv ranging from manual to fully automated condition 
monitoring devices, There is no panacea for factory 
maintenance = each asset needs to be treated separately and 
maintained on a correctivev preventive or productive basis, 
The strategy should reflect the priority given to each piece 
of equipment : process criticalu safetyv value etc, 
- l ()-
At timesv maintaining a competitive advantage involves 
retiring some relatively young assets. By knowing the 
current costs of maintaining a piece of equipment and the 
trend since installation (increasingv decreasing or stable)v 
management can establish and maintain an asset replacement 
strategy. 
2.4 Maintenance and Plant Capacity 
To realise the maintenance business objective of minimising the long 
term cost of maintenance whilst achieving the planned output 0 
consideration must be given to overall capacity limitations of a 
plant. Each production department cannot be viewed in isolation and 
therefore consideration must be given to the plant as a whole when 
determining the maintenance strategy for a department. To these ends 
the capacity 0 both installed and actual of each of the Departments 
with respect to overall production demand is the major factor in 
determining the level and nature of maintenance support. 
As previously stated 0 moving towards Just In Time (JIT) manufacturing 
necessitates high reliability of plant equipment. Howeverv this is a 
wide brief which consideration of the Optimised Production Technology 
(OPT) technique will help clarify (Ref. 5). 
Optimised Production Technology (OPT) 
Central to the OPT approach is the way in which success is 
measured. The goal of a manufacturing company is defined as 
simply 0 to make money 0 • In order to do this the Company 
must simultaneously increase throughput and reduce 
inventory. The key to increasing throughput is the 
bottleneck - the lowest capacity machine or resource in the 
chain of resources used to manufacture a product. A factory 
is viewed in OPT terms as few bottlenecks and many non 
bottlenecks. OPT focuses on the bottlenecks to increase 
output. They key OPT tenet is that bottlenecks should be 
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2.4.2 
constantly producing. Non bottlenecksv howeverv can b2 
employed setting upv producing or being maintained. For the 
whole of the production process to work j_n harmony the need 
to tolerate down timev or under utilisationr on a non 
bottleneck machine is vital (ReL 18). Following the OPT 
approachv management attention can be drawn to the 
bottleneck areas. OPT is therefore a useful precursor to 
JIT in that it is quicker and easier to implement and also 
supports a process of a gradual evolution towards JIT. 
The OPT approach is strongly supported by downtime cost 
figures. In a high volume factory lost production through 
bottleneck downtime is very costly. This in turn must have 
a strong impact on the maintenance strategies for different 
areas of the factory. However, before appropriate plans can 
be made, assessment of varying production capacities must be 
made. 
Bottleneck Identification 
A capacity Bottleneck Identification System (CBIS) has been 
set up at Durham (Ref. 22), although in practise this system 
is not fully utilised due mainly to problems in collecting 
accurate and relevant shop floor information. 
For the purposes of this system the factory is set up into 
various production cells. For each cell or piece of 
equipment, the following information needs to be collected 
Equipment Speed 
1) Technical Speed = --------------- x 100 
Base Speed 
2) Breakdown per equipment. 
3) Breakdown of equipment and following breakdowns in the 
cell. 
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4) Utilisation losses ~ for cleaning 1 process control etc. 
5) Direct yield. 
Obviously 1 to determine overall factory capacity information 
from the individual cells must then be linked to information 
about preceeding and following cells. 
Howeveru this has to take place with respect to the 
following ucapacity adjustors' : 
a) Repairs 
b) Recycle 
c) Rework 
A faulty product is repaired off line 
within the Department where the fault 
arose. There is therefore no loss of 
capacity. 
A faulty product is recycled within the 
Department where the fault arose. There 
is therefore an effect on capacity but only 
within this single Department. 
The nature of a fault on a product is such 
that it has to be reworked back down the 
line, beyond the Department where the 
problem arose or was identified. There is 
therefore an effect on capacity on all the 
Departments through which the rework must 
pass and possibly on throughput if one of 
these Departments is a bottleneck. 
All this information is collated via a spreadsheet with an 
ultimate output of the CBIS chart as shown in Figure 2.9. 
To further interpret this chart 
a.) The Base Speed Line : Philips policy for colour 
television tube factories is to use the capacity of the 
flowcoating process. 
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2.4.3 
b) For each production cell a block is shown. The top of 
this block represents the total capacity theoretically 
available. The bottom represents actual capacity. The 
size of the block represents lost capucity due to yield 
and utilisation. A further split of these boxes to 
show the percentage of capacity lost due to machine 
problems would be useful to illustrate the maintenance 
improvement potential for an area. 
c) The bottleneck is the area with the lowest actual 
capacity. The critical path is then determined from 
this cell working backwards and forwards from itv 
taking into account cell relationships. 
NB On the example shown target figuresu rather than 
actual data, has been used to generate the graph. 
From figure 2.9u it can be seen that a system of this 
nature would be a very useful tool in determining 
departmental maintenance policy with respect to overall 
factory considerations. However, on a practical level this 
would require the adoption of a factory wide shop floor data 
collection system on machine unavailability. 
capacity Implications and Maintenance Planning 
With respect to maintenance policy 1 areas with excess 
capacity and bottleneck areas have differing needs : 
a) Areas with excess capacity e.g. sealers. When the 
level of equipment uptime can be guaranteed, due to 
effective preventive maintenance 1 it would then be 
possible to create 1maintenance windows 0 midweek. This 
would serve to reduce the amount of preventive 
maintenance necessary at weekendsv with the consequent 
greater availability of skilled resource for preventive 
maintenance for areas with critical capacity. 
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Reducing the total capacity of such a Department would 
also follow the OPT approach of synchronising the 
factory to the capacity of the bottleneck. overall 
excess production on non~bottleneck areas creates extra 
work~in=progress, which is contrary to both JIT and OPT 
philosophies. 
b) Bottleneck areas. As well as providing an input to 
long term capacity development plans, the chart can 
highlight the actual and potential bottleneck areas. 
Preventive maintenance is key in these areas; as 
downtime will cause lost factory output. Techniques 
such as design out maintenance (Ref. 84 and 85) and 
condition monitoring (Ref, 88v 90 and 91) may be 
appropriate to these areas due to the high cost of 
failure. Resource released due to the implementation 
of midweek maintenance windows on non bottleneck areas 
may be deployed in these areas to help facilitate 
preventive maintenance requirements. 
2.5 Future Trends 
As manufacturing continues to automate more processes at all stages 
of production, there is a trend towards the introduction of more 
intelligent systems - artificial intelligence and expert systems. 
It is hoped that such investment will boost productivity within the 
direct production environment (Ref. 89 and 92). In some European 
organisations, fewer people are engaged in direct production than in 
support services such as maintenance and quality assurance. This 
trend along with strong market pressures and highly automated capital 
intensive industries may well serve to make the maintenance function 
the key to successful and profitable manufacturing. 
In a complex and technical environment such as Philips Durham the 
success of the maintenance function will be highly dependent upon the 
effectiveness of its use of information systems. A broad analysis of 
the plant systemsu infrastructure is therefore considered necessary. 
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There is a need in a production environment for obtaining information 
about the overall performance of a production system (Ref. 29 and 30). 
At the highest levels this information should show how well the 
operating directives set by the business group have been achieved. 
At lower levels the production evaluation system should identify areas 
where improvements are possible. 
A model of the hierarchy of information levelsv from real time shop 
floor control to factory planning levelv is given in Figure 2.10. 
Historically data processing departments have been very active at 
level 1 whilst the engineering departments have usually concentrated 
from level 4 downwards. 
These 0 traditional 0 areas of activity have tended to produce a 0gap 0 
at levels 2 and 3. This gap is increasingly needing to be filled by 
systems connecting mainframes to the shop floor 1 possibly via local 
area networks i.e. shop floor communication systems. such systemsv 
supporting CIM philosophies could pass order information directly 
from mainframes to production departments; signal completion of 
batches directly to planners 1 enable the managers to monitor yield and 
quality etc (Ref. 31). 
As previously discussedv to improve the service given by the 
maintenance function to the production department it is necessary to 
improve shopfloor data collection of equipment failure information and 
produce management information for decision making. In terms of the 
above model a need was identified to bridge the 0gap' in maintenance 
information from the traditional engineering levels to the factory 
level. 
I 
h.) 
.j;:.. 
Figure 2.10 : Information Levels Hierarchy 
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There are many equipment management systems now on the market 
(Ref. 45). Consideration of how appropriate such a system would be 
with respect to maintenance function requirements and plant systems 
infrastructure was therefore deemed necessary. Howeverv before the 
requirements of the maintenance function can be determinedv it is 
first necessary to clarify the nature of the department workload and 
organisational set up to carry out these tasks. 
Analysis of the functionality of equipment maintenance packages can 
then be carried out and this then related to departmental needs and 
established factory systems. 
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CHAPTER __ 3~~MAI~~E~~~9R~~ISATION 
3.1 The Role of the ~?intenance Function 
The objective of the maintenance organisation is that of achieving 
the optimum balance between plant availability and maintenance 
resource utilisation. 
The ideal organisation that an individual plant may lake are of many 
formsu often being determined by systematic consideration of such 
factors as : 
1) Maintenance work load and its pattern. 
2) Amount of emergency work. 
3) Cost of unavailability. 
4) Production organisation. 
5) Maintenance resources. 
For example, decentralised repair teams would probably experience a 
lower utilisation than centralised teams but would be able to respondv 
in some measure, more quickly and effectively to breakdowns and would 
therefore achieve a higher plant availability. Unavailability cost is 
the dominant factor in the design of a maintenance organisation. If 
this cost is high e.g. bottleneck areasv then the design should aim at 
effective preventive maintenance of the area and rapid response to 
breakdowns. If the unavailability cost is not high then the aim 
should be to achieve high resource utilisation in order to reduce the 
direct cost of maintenance. 
Achieving this optimum balance is therefore key but, due to the 
complexity of large plant, not necessarily easy to achieve. 
Due to the dynamic nature of the typical production environment the 
maintenance organisation may need to be modified in response to 
changing requirements. Howeveru as the primary objective of the 
maintenance organisation is to match resources to workloadu it is 
first necessary to clarify the nature of the workload and its effect 
upon the maintenance organisation (Ref. 37). 
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3o2 The Workload 
The primary division is into corrective and preventive work: fur:ther 
classification being given in Table 3.L 
Table 3.1 : Alternative Maintenance Procedures 
- --~- ------~----~-~- ~---- ---- ----~- - -
:-"::":"::-:::-:=::::::-::--:~:: .. ::;-;:;::~:-~:::::....;=.;:....::;:.:.::.:=::...:========================~===========:-::.::::::::=========== 
CLASS TIMING ACTION 
=============================~==~====~============================~~~ 
Corrective 
Preventive 
* Preventive 
* Preventive 
Preventive 
Operate to Failure Replace or repair after 
failure. 
Fixed Time Maintenance Adjust/repair/replace at 
fixed periods. 
Fixed Time Inspection Inspect via equal or 
variable inspection 
periods then adjust/ 
repair/replace on 
condition. 
Continuous Inspection Inspect on continuous 
basis then adjust/repair/ 
replace on condition. 
Opportunity Maintenance Inspect item at time 
based on some other items 
maintenance/inspection 
period. 
==================================~====~=~===~======================= 
* Further discussion of condition based monitoring is given in 
Appendix 3. 
Corrective Work 
For the plant as a wholev corrective jobs occur with almost 
random incidencev the consequent daily workload varying as 
illustrated in Figure 3.1. 
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fig_~~§_]_ J: -~- Fluctuaticm _Q.f_<;:Qr_r_:ecti ve Mainten~~e. 
Workload 
--~---
Load 
Workload Hours 
Time (Days) 
In the absence of condition monitoringu scheduling cannot 
be carried out until the work demanding event has already 
occurred. Part of the corrective loadu the emergency work 1 
occurs with little or no warning and requires urgent 
attention. 
The remainderu the deferred workv is of varying degrees of 
urgency and can be scheduled accordingly, often being used 
to smooth the emergency work load. Emergency work and other 
high priority low warning work is difficult to plan for. At 
best only the average incidence can be forecastv individual 
jobs demanding attention during the shift in which they 
occur. With a large percentage of high priority worku 
difficulty therefore arises in the scheduling and planning 
of such work = if a timescale of less than a shift is 
available then planning must be carried out at the location 
of the job since it is not feasible to direct it through a 
centralised planning function. 
Corrective action can be sub divided, according to 
priority, as follows ~ 
1) Emergency work = high priority, on line. 
2) Deferred work = lower order priorityu off line. 
3) Removed item work = reconditioning. 
The use of condition based maintenance can result in a shift 
in the workload from emergency to deferred work. 
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This model closely fits with the present scenario at Philips 
Components ~ there is a large amount of urgent or deferred 
corrective work resulting in preventive work having a 
lower priority. The majority of tasks undertaken by the 
craftsmen are in response to a problem on their particular 
shift and are scheduled for by the Shift Engineer rather 
than the Engineering Planner. 
This can be planned in detail and scheduled in advance with 
time tolerances for slotting and work smoothing purposes. 
Such work can be further classified ~ 
1) Routine. Frequently required work carried out mainly 
on line. 
2) Minor off line - services and other minor work required 
relatively frequently and normally carried out off 
line. Work of this nature is often a suitable 
candidate for being carried out in production windows. 
3) Major off line - overhauls etc. Work of this nature is 
normally infrequent and is often carried out during a 
scheduled shutdown. 
3.3 Workload Type and the Effect on Maintenance Organisation 
Since each type of maintenance work has different characteristics 8 as 
illustrated in Figure 3.2 8 the nature of the maintenance organisation 
will depend very much on the relative proportions of preventive and 
corrective work. 
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.FJgg_r_~ _)_.?._ :_Characteristics of the Mainten~!}C~ Wor_l<_l~cl 
i WORK TYPE PRIORITY PLANNABILITY COMMENTS 
: :_.:...;;_;:..::~:...::...;:...;:...;:.;.;:...;;_;:...;:....::....::....:c..:c..::..:c..;...::..::..:c..;:...;c..:c..::..::..::..:'-''-''-''-''-''-''-''-''"'-''-'' ::-::-;:-::=::::::::::::::=:================== 
1 HIGH LOW 
Corrective 
--- -·- --- - --o~----- ---
= Emergency 
- Deferred Work 
- Removed Item 
Work 
(Reconditioning) 
Preventive 
- Routines 
- Minor Off Line 
- Major Off Line 
A 1:\ 
I 
I 
I 
I 
\V 
HIGH 
On line work 
incurring production 
loss. 
Off line worku 
possibly scheduled to 
a production window. 
Carried out in 
specialised workshop 
or can be used for 
work smoothing. 
Mainly on lineu 
carried out as 
running maintenance. 
Possibly carried out· 
in production 
windows. 
Often carried out in 
shut downs. 
==================================================================== 
An organisation designed for a workload containing 80% planned work 
(mainly preventive and modification) would be totally different from 
that for a workload containing 80% unplanned work (mainly emergency). 
The latter presents the most difficult and potentially costly 
organisation problem. As statedv at Philips Durham the majority of 
the workload is unplannedv corrective work. Howeveru in a 
sophisticated plant of this nature the complexity of moving towards a 
more plannedu preventive scenario should not be underestimated. 
considerable operating experience is required if the expected level of 
corrective work consequent upon a given input of preventive work is to 
be correctly assessed. Due to time lagsu the relationship between 
preventive work and equipment performance is always unclear. 
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When attempting to achievep the aim of the maintenance organisation 
in matching resources to the type of workload; it is useful to 
consider it as being made up of three necessary and inter-related 
components 
l) Resources. 
2) Organisation. 
3) Work Planning and Control System. 
Men, Spares and Tools. 
With respect to man power an important consideration is the 
level of multi skilling within the workforce. 
In general, the greater the division of work the greater 
the skill of the individual trades. Many maintenance jobs 
require inputs from several different skills and this would 
tend to make high labour utilisation difficult. However, if 
a workforce holds traditional views with respect to 
demarcation rules, sensitive management will be required to 
move away from such status guo. 
Organisation 
A hierarchy of authority and responsibility for deciding 
what, when and how work should be carried out. 
Three organisational issues which must be addressed are 
i) Centralisation/Decentralisation. 
ii) Reporting Structure. 
iii) Total Productive Maintenance. 
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Features of the traditional organisation are 
typically : 
I 
I 
F/men 
1) The maintenance function is not represented at a 
high level. 
2) The Maintenance Manager has line authority over 
his tradeforce and has the responsibility for 
determining the maintenance needs of the Plant. 
3) The Production Manager has line authority over 
his operatives and has the responsibility for 
determining the production needs of the Plant. 
4) The Commercial Manager has the responsibility for 
spares control. 
5) The responsibility for maintenance work is 
further divided by either trade or area. 
6) The responsibility for production work is divided 
by area with a separate function for production 
planning. 
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Figure 3.4 : 0Progressive 0 Maintenance Organisation 
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Difficulties artse from this structure due to the 
division of responsibility for the plant. This results 
in numerous collateral rcl<Ationships 9 committees anu 
~ommunication systems being used for maintenance 
decision rnuking. 
The more fundament.:al problem with an organisation of 
this nature is the divj_sion of responsibility for the 
plant operation between Production Management and 
Maintenance Management. Although officially 
Maintenance Management is responsible; after 
consultation with production; for the maintenance of 
the plantu what tends to happen in practice is that 
Maintenance dictates what is doneu and Production 
dictates when. Therefore; unless there are excellent 
communicationsu considerable friction is generated. 
This is particularly so in a large organisation. 
Progressive 
A more progressive maintenance organisation is 
illustrated in Figure 3.4. 
Features of a more progressive maintenance 
organisation are : 
1) High level representation of the maintenance 
function. Where maintenance costs are a 
significant part of the cost of production as in 
a continuously operating process plantv high 
level representation of the maintenance function 
ensures that Maintenance is properly considered 
alongside Production when making operating 
decisions and when contemplating the procurement 
of new or replacement plant. 
2) Improved production maintenance working 
relationship. Having smaller integrated groups 
e.g. Team uAu with one clear reporting line and 
focussed responsibility helps avoid friction and 
encourages team spirit. 
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3) Maintenance personnel within the team deal with 
daily operational production problems. 
Re~ponsibility for operation and maintenance 
is taken by the immediate Production Department 
Head and upwards through the Production Manager 
etc. 
4) The Maintenance Department tends to provide 
additional maintenance assistance or technical 
help when required by Production. A major part 
of their activity is to facilitate the deferred 
work from breakdawnsg and to provide effective 
preventive maintenance cover for the plant. 
5) There is a rationalisation of the number of 
functions the Maintenance Manager/Department Head 
is expected to carry out but for which he does 
not necessarily have the authority to implement 
e.g. Production denying access to machinery for 
preventive maintenance purposes resulting in over 
budget downtime. 
However 0 a potential danger of this type of 
organisation is that production pressure on the 
maintenance team member may result in the abuse of the 
plant to achieve short term production objectives. 
iii) Total Productive Maintenance - TPM 
Consideration of TPM may impact on the maintenance 
organisation structure in that this theory promotes 
that maintenance should be carried out by production 
rather than maintenance personnel. 
TPM is a methodology developed by the Japanese 
company; Nippondensog in 1969 (Ref. 39 and 40). It 
evolved from their systematic maintenance improvement 
strategy started in the early 1950's 0 with the 
introduction of preventive maintenance. TPM was 
initiated for the following reason : Nippondenso had 
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A fundamental organisational decision for a 
maintenance function is the location of men 1 spares 
and tools. For any given situation there are numerous 
possibilitiesv the basic aim being to determine for 
each trade the arrangements which results in a 
reasonable balance between downtime costs and labour 
utilisation. Major considerations are the 
distributionv contentv size of the workload and cost 
of plant unavailability. A centralised workforce 
tends to have a higher utilisation than a 
decentralised one. Howeverv decentralisation makes 
for a more rapid response and localised expertise 
amongst craftsmen. Decentralisation can also lead to 
a greater individual identification with the aims of 
the Maintenance Department (Ref. 34 and 38). 
ii) Reporting Structure 
An administration can be considered as a decision 
making system the aim of which is to direct available 
resources towards the achievement of the 
organisational objective. 
Obviously the reporting structures within different 
organisations differ greatlyv however two distinct and 
different types of reporting structure appear common 
in modern organisations. For the purpose of 
comparison they shall be called 1 traditional 1 and 
1 progressiven. 
Traditional 
A traditional organisational structure is illustrated 
in Figure 3.3. 
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actively promoted the automation of its production 
facilities but as a result the maintenance of the 
automated equipment had become a new prohl.~m. The 
conventional maintenance crews could not maintain the 
greatly increased number of automated facilities so it 
was decided that the individual operator of the 
automated equipment would be made responsible for its 
routine maintenance. 
The basic aim of TPM is to improve the company by 
improving the attitude and skills of all personnelv 
from top management down to shop floor workers and by 
improving the equipment through improving those 
responsible for it. A summary diagram is given in 
Figure 3.5. 
Work Planning and Control 
The third and integral part of a maintenance organisation 
is the work planning and maintenance control system. The 
work planning system must control the 1 dynamics 1 of 
maintenance = ensure that the right resources are in the 
right place at the right time. 
For a work planning system to successfully operatev the 
following are pre requisites : 
1) The right information about the work load and 
resources must be available to the planner at the right 
time. 
2) The work planner must have the authority, or access to 
itv to take the decision about allocation of priorities. 
The priority of work determines the level at which its 
initial planning takes place; the higher the priority the 
lower the initial planning level e.g. emergency corrective 
maintenance is dealt with directly by the Shift Engineer. 
The plannablev low pdorityv work can start at a high 
planning level and move down the planning levels 
for assignment e,g, inspection maintenance is organised by 
the Engineering Planner with discretF> jobs being allocated 
to the Shift Engineer, 
The amount of decentralisation in a workforce is also a 
significant factor when designing the work planning system = 
decentralisation obviously results in less control from a 
central planning body, If there is a high degree of 
autonomy in the decentralised units then it may be worth 
considering removing all central planning activity and 
placing all responsibility for work planning with the 
individual unit, In less definite cases partially 
decentralised work planning may be more appropriate e,g, 
emergency corrective work and deferred work is the 
responsibility of the unit but long term preventive work is 
organised by a central planning function, 
Major considerations with respect to establishing an 
effective work planning system are therefore the percentage 
level of corrective work and the amount of decentralisation 
in the workforce, 
In generalv where there is a high level of corrective 
maintenance and the workforce is decentralisedv it is 
advisable to have corresponding levels of decentralised work 
planning, 
3,5 Analysis of three Maintenance Organisations 
With respect to the above criteriav 3 maintenance organisations have 
been analysed to determine their strengthsv weaknesses and to 
determine possible problems when altering a maintenance organisation 
to support modern manufacturing strategies : 
1) Nissan = Sunderland, 
2) Philips Hamilton, 
3) Philips Durham, 
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The Nissan car plant is a modernv highly automated factory 
buUt on a greenfi.eld site with a major expansion of the 
plant now being implemented, The workforce is youngv the 
average age in the company is 32 and there is a strong team 
ethic throughout all functions in the factory, 
The reporting structure of the Maintenance Department is 
roughly as shown in Figure 3,6, The workforce is 
decentralised and overall report through the production 
function, 
Figure 3.6 Nissan Car Plant : Structure of the 
Maintenance Department 
l Production Manager l 
l Maintenance Manager l 
l Senior Supervisor l l Senior Supervisor l 
l Supervisor l :supervisor: :supervisor: :supervisor: 
I 
I 
Department 1 Department 2 other 
Departments 
As statedv a problem of decentralisation is possible low 
utilisation of craftsmen time. This effect has been 
somewhat negated by the following : 
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3.5.2 
l) Multiskilling ·· The factory was built on a greenfield 
site and this has facilitated management j.ntroducing 
flexib.le working practices. All Maintenance Englneers 
are classed as multi skilledv fitters are trained in 
electrical and electronic skills and vice versa. When 
a problem occurs whether mechanicalu electrical or 
electronicu any of the multi skilled engineers for that 
specific area can be called upon to deal with it. 
2) High percentage of Preventive Maintenance. A high 
level of plannable work obviously helps to increase the 
utilisation of the craftsmen. Nissan use a 
computerised system to control their preventive 
maintenance work planning. This has proved to be an 
important tool in facilitating the operation of the 
Maintenance Department. 
Nissan also operate Total Productive Maintenance (TPM). 
The first level of inspection maintenance is done by 
production personnel on a formal basis. Supervision audits 
maintenance checks on a random basis. 
Philips Hamilton 
Philips Hamilton is one of the European factories of the 
Philips Lighting Groupu involved in the mass production of 
electric light bulbs. At the time of investigationu 
December l987u the following conclusions were drawn : 
The Maintenance Department is organised along traditional 
lines. The reporting structure is from craftsman through 
Engineering Supervision to Engineering Manager. There is a 
very high percentage of corrective maintenance in the 
workloadu most of the craftsmen°s time is spent in fire 
fighting situations and breakdowns are compounded by the 
lack of appropriate spare parts. 
The workforce is single skilled. Traditional attitudes 
prevail amongst the craftsmen and there is no allocation of 
craftsmen to specific process areas. 
-41-
To attempt to address these problems and improve the 
maintenance work planning procedures a computerised 
preventive maintenance package has been implemented 
(Ref o 53) o 
The system was justified with respect to the following 
criteria ~ 
1) Reduction in plant downtime - to within budgetted 
level. 
2) Minimise maintenance costs - through effective 
planning. 
3) Reduction in level of Engineering Stores Stock. 
Howeverv although having a centralised structure which 
would be suited to a work planning system of this naturev 
the following implementation problems arose 
1) Maintenance - Production Conflict 
The Production Department would not allow the 
Maintenance Department 0maintenance windows 0 1 in which 
to carry out preventive maintenance work during weekly 
run time. At the time of this visitv the situation was 
further compounded by a weekend work ban in the 
factory. Thereforev for logistic reasons, work 
required as predicted by the systemv could not be 
carried out. 
Obviously a common reporting structure would have had 
a very positive effect with respect to this problem. 
2) Traditional shop Floor Attitudes 
The maintenance craftsmen would not collect 
information on work done. There is suspicion about 
what the information is to be used for i.e. man 
management control rather than task planning and asset 
management. 
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3.5.3 
Without shop floor data collection v a planned 
maintenance system cannot function. 
Organisationallyu the Stores ~~nagerv who is the 
system adminj.strator u is not positioned to be able to 
address this problem. 
NB Follow up information : The problem of shop floor 
data collection has been addressed via discussions 
with local union representation. It is realised 
that communication with the craftsmen is 
necessary 8 if their concern over the intended use 
of this information is to allayed. 
Overallu shop floor attitudes and organisational 
issues must be addressed before the computerised system 
becomes an important tool in facilitating the effective 
maintenance of equipment at Philips Hamilton. 
Philips Durham 
The organisation of the maintenance function is essentially 
a centralised one. The department consists of approximately 
55 peopleu the craftsmen of which are single skilled and in 
general have traditional attitudes to their job functions. 
Although there is no offical allocation of craftsmen to 
process areasu especially in the case of complex parts of 
the plantu some selectivity takes place. 
The profile of trades within the department is 
approximately 
Mechanical 40% 
Electrical 20% 
Technician 25% 
Semi=skilled 15% 
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There is a high percentage of urgent corrective work which 
is dealt with initially by the appropriate Shift Engineeru 
who organises craft resource as required. Deferred worku 
oftE=m resulting from a breakdown may also be dealt with by 
the day shift craftsmen. 
If there was a move to decentralise the departmentv account 
must be taken of the following factors : 
1) Number of Craftsmen 
If the factory was decentralised intou say six areasv 
as shown in Table 3.8, then there would be a problem of 
adequately resourcing each area with a complete range 
of craft skills across each of the 3 shifts. 
Table 3.8 Possible Maintenance Areas 
==================================================== 
MAINTENANCE AREAS I TRADES LIKELY 
I REQUIRED 
==================================================== 
l - Precoatu Flowcoat & Frit Apply I Mu Ev T 
2 - Lacguerv Aluminising & Bismuth I Mu Ev T 
3 - Frit Lehrsv Sealers I Mv Ev Tv SS , 
--------~-------------------------------------------1 
4 - ILE 0s, Reinforcingu Ageing I M, E6 T I 
----------------------------------------------------1 
5 = AMHu APM I Tv E I 
---------------~-~-------------=--------------------1 
6 - Matching I T, E I 
==================================================== 
M = Mechanical 
E = Electrical 
T = Technician 
ss = Semi Skilled 
{22 Persons) 
(10 Persons) 
(15 Persons) 
(08 Persons) 
Assuming day shift craftsmen were absorbed into shift 
organisation - results in the following labour resource 
being available on average per shift per area : 
Mechanical 1.8 {4 areas) 
Electrical 0.5 (6 areas) 
Technician 0.8 {6 areas) 
3.1 
---
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Electrical and technician skills at present level of 
manning could not therefore be guaranteed across the 
factory even assuming no day shift workshop resources 
are required. 
A possible way of resolving this problem would be to 
opt for a multi skilling policy ~ howeverr the major 
transition required from mechancial to electrical and 
technician is not likely to be quickly achievedr 
especially given the complex nature of some parts of 
the plant (Ref. 41). 
2) Nature of the Workload 
As stated the present workload is one with a high 
percentage of corrective and deferred work. 
To make effective use of a decentralised 
workforce and achieve high utilisation requires a 
significant proportion of plannable preventive 
work. It is likely that a high degree of 
decentralisation at Philips Durham would result in 
low utilisation of craftsmenr except during 
breakdown situations when there may be 
insufficient or incorrect resource available to 
deal with the incident. 
For the above reasons it is therefore felt 
necessary to retain a somewhat centralised 
maintenance function at Philips Durham. 
Recent organisation changes have resulted in 
partial decentralisation of the Maintenance 
Department - technicians have been assigned 
specifically to the AMH/APM areas. This solution 
is deemed to be an appropriate compromise between 
the 1pro 0s' and •con°s' of whether a maintenance 
organisation is centralised or decentralised. The 
only trades decentralised are those dealing with 
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emergency high cost outagesv whilst other trades 
and functional groups remain centralised" This 
situation should be reviewed if the APM/AMH areas 
loose their bottleneck statuso 
The reporting structure of the Maintenance 
Department at present follows 0 traditional' lines 
as previously describedo 
This has augmented underlying conflict between the 
Maintenance and Production Departments" 
The !'>laintenance Department is held accountable 
for the number of incidents and production hours 
lost due to machine breakdownso The production 
function is held responsible for meeting 
production targets and must account for all 
production losses - breakdowns being one possible 
cause" This has led to problems in the accurate 
reporting of equipment failure and also to what is 
defined as vbreakdown°o The production definition 
is that it is the time lost from a machine 
breaking down to the restart of good production; 
the maintenance definition is that it is the time 
that maintenance personnel are in attendanceo At 
timesv maintenance suspect production use machine 
breakdowns to account for product losses which may 
be due to more production orientated problems" 
The proposed organisational changes to a more 
vprogressive 1 reporting structure will address the 
fundamental problems of the above problema The 
creation of Integrated Manufacturing Teams(IMT 0S)v 
with all associated personnel reporting to one 
Production Manager and one Production Engineering 
Manager responsible for the overall performance 
of the production areav will dramatically minimise 
the above conflicta 
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All relevant personnel will be in daily contact 
with each other and report to the sam2 superior, 
It is therefore likely that conflict and reporting 
discrepancies will reduce, 
A further potential benefil of this partial 
decentralisation is the increased feasibility of 
more flexible maintenance practices, The 
underlying philosophies of TPM may be well served 
by such an arrangement - realised by the 
implementation of the multi functional worker 
concept, 
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The maintenance ma.n.=tgement objective is to provide production vJith the 
plant availability to achieve the J.ong and short term output at minimum 
resource cost subject to satisfactory levels of plant condition and safety. 
Factors to be considered in the maintenance activity arc resource 
availabilityv downtime/lost productionu plant and equipment life and safety. 
The overall functionality of a maintenance management software package 
must be to support these functions (Ref, 49v Slu 52v 58 and 59) through the 
basic areas of : 
a) Monitoring the state of the plant, 
b) Planning and controlling use of manpower to deal most effectively with 
the maintenance tasks required, 
c) Ensuring the availability of components so that required work can be 
carried ouL 
d) Controlling costs. 
e) Reporting on the above, 
4,1 Structure Overview 
The structure of a maintenance management system may be simplified by 
considering the total requirements to be composed of modules linked 
togetherv each module having a definable function (Ref. 60), A 
structure overview diagram is given in Figure 4.1, 
Figure 4,1 Maintenance Packages Structure Overview 
l Plant l 
l Monitoring l 
l Inventory l 
l Control l 
I I 
I I 
I I 
I I 
I 
I 
'.!; 
Budgetary 
Control 
<=OC:::.~I<='--=<<=o=>c::::>c=oc:-=:> 
\1; 
l Resource l 
l Planning l 
I 
I 
I 
I 
~ 
l Managerial Information and Analysis l 
I 
~ 
'-0 
Figure 4.2 : Modules of a Maintenance Management System 
-----> 
Materials 
<-----
~ 
I 
I 
I 
I 
0 
I 
I 
I 
I 
I 
w 
<--------- l Inventory 
l Asset : 
l Register l 
Plant Monitoring 
l Work . 
l Requests ! 
I 
I 
I 
I 
I ! 
I Job . 
l Specs ~ 
I 
I 
I 
j 
I 
\lj 
l Stores l ------------------1~---> l History l ------------------------~-------=--=~ l Job l I 1 . I : P an::1:ng 1 
a 
I I 
-.!1\Y 
'I 
i 
A .-;>.. /i'-
1 I I 
I I 
I I 
I I 
I I 
---------------------------------l 
--------------------- .I l 
I l ---------- l Condition Monitoring l 
---------------------- :1 l I I 
I 
I 
I Opt' • t' I 
---------- 1 lffilSa 10n 1 
I 
I 
I 
I 
'if 
l Job : 
: cards l 
I 
I 
I 
I 
I 
Orders <----- l Purchasing : ----------------1~-> l Costs l <------------- : --------------------------------' 
Human 
Resources 
<----
' i 
I 
I 
Inventory Control Budgetary Control Resource ?lanninq 
As shownv the hub of such a system is the plant monitoring modules 
which include an asset register and asset history file, These contain 
all the data applicable to a particular item of plant e,g, a 
descriptionv locationv technJcal details and a history o£ the 
performance of the piece of equipment along with details of work 
car.ried out on it, 
Surrounding the hub are the maintenance control aspects ; inventory 
control of maintenance spares and consurnab.lesr work planningv and 
maintenance cost control, From this structure managerial reports and 
analysis can be obtained to give feedback on the overall performance 
of the planL 
A more detailed breakdown of these modules is given in Figure 4,2, 
Using a computerised packager data is transmitted between the modules 
according to the line of communication and procedures defined by the 
user, Although no two organisations undertake the same maintenance 
procedures in an identical rnannerv it is possible by analysing common 
objectivesr to identify a list of tasks which are applicable to the 
majority of users with provision for expansion to meet special needs, 
The functionality of software in the four main areas will now be 
discussed in further detail : 
a) Plant Monitoring, 
b) Resource Planning, 
c) . Inventory Control, 
d) Budgetary Control, 
4,2 Plant Monitoring 
Four modules to be discussed further are 
1) Asset Register, 
2) Plant History, 
3) Condition Monitoring, 
4) Optimisation, 
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The asset register module should include aU the necessary 
lechnical information which is associated with the physical 
asset registered against a descriptionv area or plant numbering 
system (Ref. 48). 
Typical information would be key field (asset number/plant item 
number); identifier (model numberu serial numberu special 
facilities)u manufacturer; procurement and operational costs and 
recommended method of inservice support (including the trades 
associated with this support); safety precautions appropriate to 
the technical specification and commonality of units/spares. 
Links to the stores catalogue and repetitive job specifications 
would provide further information. 
A sub module which lists preventive maintenance details can be 
linked to the asset database by the key field. This would then 
give all the tasks which are normally scheduled for each item of 
plantu with the possibility of edit facilities if required. 
Parameters stored in a preventive maintenance module could be 
asset numberv last date work carried outv next date work 
scheduledv descriptionv estimated work hoursv spares requirements 
and drawing number; references. 
2) Plant History 
This is a record of all work and total costs of work carried out 
on each identifiable asset. It may contain information similar 
to that provided on completed job cards includingu for example8 a 
tradesman's comments on the condition of the plant items and 
problems encountered and whether preventive or corrective 
maintenance has been carried out. Fault and cause analysis is 
also possible depending on the data collection system. A type of 
fault may be recorded and analysed for a number of items of 
equivalent use 8 or of the same manufacturer and designu and the 
fault and cause codes entered onto the plant history file. 
Downtime analysis is also possible if data is collected on the 
frequency and length of downtime and the repair for a job. This 
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facilitates calculation of the aggregate dovmtimeu number of 
breakdownsu average duration of breakdowns and statistics such as 
the faut.t rateg mean time to repairv meun time between failures 
and downtime percentageo Different forms of presentation for 
this type of information is normally available ·~ possibly in 
order of performance for equipment in a groupv or averaged for 
comparison with other similar equipment over varying durations of 
time. Automatic monitoring of run time may allow measurement and 
comparison between budgetted and actual life for pieces of plant. 
3) Condition Monjtoring 
A condition monitoring module would deal with the output from 
sensors in the plant monitoring a parameter such as temperaturev 
noise or vibrationo Data would be analysed to produce trends and 
graphsv monitoring the condition of the plant according to 
signals transmitted from the sensorso 
Typical functionality would be 
Graphical output of different parameters over a set 
timespano 
Highlight equipment which is showing an increase in the 
number of faults occurring within the specified timespan 
ioeo equipment is wearing outo 
Predict the time to failure based on previous experience by 
following a deviation from the normo 
Condition monitoring facilitates reporting by exception and 
allows definite future failures to be actioned before failure 
occurso 
Further details of condition monitoring techniques are given in 
Appendix 3o 
4) Optimisation 
To help minimise the overall cost of the maintenance function to 
the organisationv an optimisation module would essentially 
manipulate data on : 
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The method used to address the manipulation of data concerned 
with these activities depends heavily on the philosophy of the 
maintenance management. Howeverv computerised optimisation can 
greatly assist in determining the correct mix of these 
activites. The functionality of such a package is likely to 
include facilities such as the following 
How a predetermined maintenance routine affects the 
probability of failure. 
Whether failure may be attributed to an isolated problem or 
has various causes. 
Whether the possibility of a critical failure occuring 
could be diagnosed by condition monitoring. 
Whether the failure should be pre empted by preventive 
maintenance or dealt with as corrective maintenance. 
Optimum age replacement policy. 
The data involved in providing this information includes that 
previously described for failure analysisu preventive 
maintenancep condition monitoring and also life cycle costing. 
Obviously the above facilities would need accurate data 
collection to be carried out at component level. 
A module of this nature is likely to use standard maintenance 
techniques as illustrated in Figure 4.3. 
Obviouslyu the technical details of any individual package must 
be carefully assessed to determine whichv if any, of the above 
functions would be viable for the application being considered. 
4.3 Resource Planning 
The resource planning modules assist the systematic control of the 
maintenance work within a factory, so that jobsi labour and materials 
may be ce=ordinated at the workface in a planned and prepared manner. 
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The general sequence of work and resource planning cycle is 
J.) Work request, 
?,) Authorisation and pr.ioritisation, 
3) Planning ~ labour allocation, 
4) Scheduling, 
5) Control and job completion, 
6) Plant shutdown scheduling, 
1) Work Request 
Any newly identified work, be it of a corrective or preventive 
natureu requires some preparatory definition as a job or sub= 
division into jobs and possibly the allocation of cost codes etc, 
Requests for work may be input into the system via a formatted 
screen, Planned preventive work would be automatically generated 
by the system, 
2) Authorisation and Prioritisation 
Planned preventive work would not require authorisation, 
All work order requests could have a reference to the asset 
register and could be listed according to area and location till 
authorised and prioritised by the appropriate personnel, 
On authorisation the job may proceed to a data entry facility 
which would possibly allow interrogation of other modules to 
provide further details such as costing information, plant 
historyu drawing numbers etc, Interfacing to the stores modules 
may also take place in order to specify the spares and materials 
required, 
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Following authorisation and prioritisationv job requests along 
with planned maintenance work would then need to be planned in 
against trades and time required for the job. ThG system would 
review the projected labour availability for the weeks ahead and 
compare with the workload for major and supportive services. Job 
time estimation may be assisted by interrogation of the asset 
register to obtain standard job times. 
4) Scheduling 
The system is then ready to schedule and plan the lists of jobs 
and print the work programmes and job cards. All job cards with 
time estimates might be listed as follows ~ 
By trade/location/machine or plant item in order of 
priority. 
By trade/category of work in order of priority. 
By planned and unpl9nned status. 
The availability and cost of the specified spare parts and 
materials required may be interrogated via communication with the 
Stores Modules with the possibility of pre=requisitioning items 
against the works order number/job number. 
Plant availability status may be input against machine/plant 
number or location, allowing current status to be incorporated 
into the scheduling process. 
various outputs, including graphical, are normally available 
typically giving summaries of the estimated work hours for each 
week by trade, location and category of work, for comparison with 
the listed available hours. 
By communication with the Budgetary and Costing Module, the 
estimated job cost can be calculated automatically and listed 
with the estimated cost of materials against the job number. 
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A suggested schedule of jobs may be presented at a small time in 
advance of commencementv detailing the mC:tjor parameters of the 
work to be carried out. This list could be reviewed by the 
appropriate personnel to give final authorisation or alter where 
necessary. 
The authorised schedule relating to each trade could be 
displayed showing week numbersF location 1 trade and job 
description. The estimated job time may either be displayed or 
maintained within the system. On completion of a job the 
following type of information may be entered from the job card 
personnel numberF time on jobv work donev failure codev amount of 
production lost, suggestions for further work. 
As part of the control mechanism the system may report backlog 
of work with possible automatic re~scheduling. 
6) Plant Shutdown Scheduling 
Plant shutdown maintenance may be planned, costed, scheduled and 
controlled by the use of critical path network analysis. Bar 
charts for all areas and departmentsv and tables and histograms 
may be produced to assist in the analysis of resource usage and 
provide the basis of cost information. 
4.4 Inventory Control 
Interfaces to inventory control are required by a maintenance 
management system so that : 
1) The availability of parts, for both corrective and predictive 
works can be assessed and consideration of this fact made when 
scheduling work. 
2) Costing information can be updated on withdrawal of a part 
against a job number. 
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3) The accuracy of the stores ordering policy can be 
maintained/improved with respect to the current plant situation" 
An inventory control system may be thought of as being made up of u 
stores control system and a purchasing system" A stores control 
system is UkeJ.y to contain the followj_ng sub modules : 
1) Stores catalogue" 
2) Stock transaction" 
3) Stock issues" 
4) Stock receipt" 
5) Stock balance" 
6) Stock adjustments" 
7) Cost and value information. 
1) Stores Catalogue 
The stores catalogue holds a record of all the items held in the 
stores. It may also contain machine pointers detailing all the 
spares held against a certain item of plant. It would also 
retain the details of re-order levels, maximum stock levelsv 
location of item and costs. Access to these records should be 
possible using different search fields eogo plant number, 
location etc. 
A useful facility would be the correlation of stock held to 
preventive work planned. 
2) Stock Transaction 
Issues and receipts could be entered, edited, authorised and 
stock balances verified as they occur. 
3) Stock Issues 
Information relating to the issue of stock detailing each issue 
transacted and periodically calculating the movements of spares 
and the summated costs is a fundamental part of stock control 
system. 
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Operationallyu the stock requisition would be presented at the 
issue deskv checked by a storeman and the goods issued. 
ILeiTIS mdy be issued as part of a planned requisition for project 
and planned maintenance work. A pre~requisition stores could be 
set up on the system as a separate stores location. This 
facility would enable transactions t.o be separately identifie-d 
and pre~requisition stock monitored. 
The information required for a stock issue might typically be as 
follows : 
Item identification. 
Number of unitsu checked against the average issue quantity. 
Unit of measure. 
Requisition number, can be allocated by the storemanu 
generated by the system or as pre=printed on the requisition 
pad. 
Stores location. 
Job number. 
Various reports should be available for control and also for 
assisting in deciding the future stock holding requirements. 
Typically these may be number of issues per item, slowing moving 
items, average weekly issue per item, average issue quantity per 
requisition and issues costed by value for budget and cost 
control purposes. 
4) Stock Receipt 
Stock receipts would normally be processed by entering details 
of the delivery into the system which would then automatically 
update both the purchase order file and the stock balances. 
On booking in the system could check the identity and validity 
of the receipt and detail the bin number for the item. Items 
received could be reportedv and the report become the authority 
for subsequent payment against the invoice. 
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The information required to be entered for a stock receipt may 
typically be as follows ~ 
Purchase order numberv possibly including job number" 
Item identification code. 
Number of units" 
Unit of measure" 
Transaction date" 
Goods receipt note number" 
5) Stock_Balance 
The input of data from the requisition form and the goods 
received note would allow the stockholding of each item in the 
stores to be updated" The balance of stock heldv the date of the 
last stock checkv lead time and other information associated with 
the bin/stock card could be recorded as a stock status listing" 
Reports showing items with a stock balance either : 
1) Below the re-order level 
2) Likely to reach the re-order level within a pre-defined 
timespan 
could be produced automatically on a regular basis. 
6) Stock Adjustments 
There are likely to be occasions when the stock balances within 
the system may require adjusting as a result of change of 
locationv stock transfer etc. This need should be reflected in 
the functionality of the software. 
1) Stock Check Adjustments 
As well as updating a stock balance this facility may need 
to update the last stock check date on the stock item file. 
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The system may advise on what items should be checked; 
allow reconcilliation and enable discrepancies to be 
investigated. 
3) Timing of Physical St.og_~ -~l:!~g_l~_ 
If cycle counting is usedv a cycle time and date of last 
stock check may be entered against each item on the stock 
item file. The system may then identify those items which 
require checking and list them periodically on a stock check 
report. Those items which require careful monitoring could 
be given a shorter cycle time than those which have low 
usage. The categorisation of items can be aided by 
producing a valued 1ABC Analysis' and implementation of the 
pareto 80/20 trend. 
The interactions between the various store modules are 
shown in Figure 4.4. 
An ABC classification report may be requested at any time. 
Likely parameters to be included are usage with respect to 
differing parameters and timebasesy high value items or 
other customer specific criteria. 
7) Cost and Value Information 
The cost of issues against departmenty plant item, spare part or 
stores location are typical reports that may be required. The 
facility to carry out standard price adjustment may be a 
requirementy with summary printouts of the old and new stock 
values and the value variance. 
The purchasing operations are intrinsically linked to the stores 
functions and can be thought of as being made up of the following 
sub modules : 
1) Purchase order requirements. 
2) Recording. 
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3) Progressing. 
4) Reporting. 
5) History. 
This sub module wou1d highlight which items need to be 
purchased to overcome an expected rundownu and produce a new 
order or re~scheduling report. The new order report could 
include information such as the following : 
Item number and name. 
Required date. 
Required quantity. 
Supplier number and name. 
Order cost. 
Purchase order lead time. 
2) Purchase Order Recording 
Following receipt of purchase order requirements from the 
stores; a planned purchase order could be recorded into the 
system. The quoted item costu if knownv may be used to 
produce purchase order value variance information. 
3) Purchase Order Progressing 
The status of each order may be reviewed via an order re~ 
scheduling report and if necessary the information on the 
purchase order file amended. Any r~scheduling may result 
from unexpected variances in the number of issues of 
receipts etc. Planned purchase orders should be reviewed on 
a regular timebase and orders placed on the supplier should 
take into account the date required and lead times. 
4) Purchase Order Reporting 
Information required to monitor the status of orders placed 
would typically be on the number of orders placed or 
outstandingu and their value. 
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Following the completion of a purchase order the details 
could be written to a purchase order history file. Typical 
information would be purchase order list by stock item, 
purchase order list by supplieru maximum delay per item by 
different suppliers and mean lead time and the longest lead 
time per item. Information of this nature is also likely to 
be required for legal and internal control reasons. 
4.5 Cost and Budgetary Control 
The functionality of such a module would typically provide 
information on : 
1) Labour Costs 
The work times recorded by both inhouse or third party labour, 
would be translated into cost information by input of the 
relevant labour rate for each trade against the type of hours 
(normal overtime or shift) and booked to the appropriate job 
number. 
2) Material Costs 
Information on maintenance costs could be gained by 
interrogation of the stores and purchasing modules. 
3) Cost and Budgetary Analysis 
Analysis of the labour and material costs may be collated by 
area, trade and category of work, to give a weekly or cumulative 
summary of expenditure and commitments against budget. 
Analysis of costs by plant group or plant item can allow 
calculation of item costs for life cycle costing techniques. 
Optimisation routines would help assess the effectiveness of the 
maintenance operation and its effects on production, by balancing 
the costs of preventive action taken to pre empt a breakdown 
against the cost of production inefficiency or reduced overall 
plant life should the breakdown have occurred. 
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Consideration of Durham 1 s functional requirements for a maintenance 
management system can now be madeu with respect to the Durham organisation 
and the general functionality of software packages available. 
With reference to Figure 4.1 ~ 'Modules of a Maintenance Management 
System 0 v two of the major areasv plant monitoring and resource planning 
would require addressing. The two other major areas, inventory control and 
budgetary control are already covered by major systems and interfacing tov 
rather than replacement of these systems is likely to be the major 
requirement, 
5.1 Plant Monitoring and Resource Planning 
The overall objective of the plant monitoring and resource planning 
activity is to optimise the level of preventive maintenance as shown 
in Figure 5.1 (Ref, 37), 
Figure 5.1 
Cos~ 
Maintenance Planning Breakdowns vs Preventive 
Maintenance 
Optimum 
Level of 
Maintenance 
/
Preventive 
reventive Maintenance 
Cost 
--="'======~c~~~o:!.r!.:re~c t i v e M a i n ten an c e Cost 
Howeverv it should be noted that in practice fixing the level and 
type of preventive maintenance is a complex process as consideration 
must be given to level of preventive maintenance resourcesv type of 
preventive maintenance, e.g. time based or inspection based, in a 
situation where unavailability and other influencing factors can 
change. 
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For effective maintenance planning an interactive system should be 
operated. Preventive maintenance routinesv and their freguencyu are 
devised from experienced personnel 0 manufacturers guidelines etc, The 
successu or lack of itu of these operations must then be measured with 
respect to machine performance i,e. the system must be closed loop 
with feedback as illustrated in Figure 5,2, 
Figure 5,2 
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With respect to the ideal rnodelu Figure 5.3 illustrates which systems 
are available at Philips Durham. Major points to note are : 
i) The lack of feedback information from the plant preventing the 
collation of plant history data. 
ii) No link between plant history and maintenance planning. 
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Figure 5o3 Philips Durham Maintenance Sy~~~~Q~~rview 
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Resource Planning 
Inspection maintenance is the only maintenance planning system 
available - dealing with the scheduling of maintenance jobs as 
requiredo An overview of the system procedures is given in Figure 5o4o 
The system is well documented and managed (Refo 55)o However, major 
problems with this system are 
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a) It does not control the overall resource utilisation within the 
department. Preventive work is only a small percentage 
constituent of the overall workload. Planning and rosource 
control are therefore difficult to achieve within the limitations 
of this system. 
b) There is no interaction wj_th machine breakdown information. It 
is difficult to check effectiveness of the system making the 
0analysis of inspection maintenance~ (Ref : Figure 5.4) a 
difficult task" 
c) The frequency and content of the inspection maintenance routines 
are therefore difficult to update. Routines are examined only 
rarely and by subjective assessment of the Shift Engineer and 
craftsmen who may have been recently involved in the procedure. 
Maintenance cost optimisation is therefore not likely to be well 
served with this practice" 
d) Inspection maintenance is sometimes given a low priority due to 
more urgent corrective breakdown work. 
To summarise with respect to Resource Planning, Durham's requirements 
are for a system which facilitates the logging, scheduling, 
prioritising and control of corrective jobs and planned rraintenanceo 
It would also have to cover the various trade groups available and 
both week and weekend operation" A further sub module on plant 
shutdown scheduling could also be required" 
The functionality of all the sub modules as described in Section 4o3 
would therefore be required in such a system. However, consideration 
should also be given to any additional requirements that may arise 
through the IMT re-organisation" If co-ordinated centralised and 
distributed work planning is necessary, then obviously the system 
should also be able to meet this requirement. 
With respect to implementation, the data and schedules already 
developed for inspection maintenance may be a useful input, and serve 
to reduce the payback period for such a system. 
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Figure 5o4 _Jns]2?s;_tion Maintcnanc~ System 
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3) Condition Monitoring. 
4) Optimisation. 
5) Interfaces to Resource Planning; Budgetary Control and Inventory 
ControL 
At Durhamu control of the maintenance stores is carried out through 
the use of the inventory planning and forecasting (I P & F) module of 
the COPICS system. Similarly; control of the purchasing and invoice 
payment procedure is achieved using the Purchasing Receiving and 
Invoice Management (PRIM) module of the COPICS system. 
Both of the modules are an integral part of the Philips approved and 
supported Communication Orientated Productions Information and Control 
System (COPICS) and are inextricably linked to various other modules 
e.g. MRP. As such they form an integral part of all manufacturing 
activity as well as providing all the necessary functions to support 
the stores control and purchasing operations. 
Interfacing tov rather than replacement of these modules is therefore 
necessary. Howeverv it may be necessary to further tune the I P & F 
module to use udependent requirementu so that certain stores items can 
only be issued against a pre-defined job number. This would be 
necessary to establish and maintain a credible preventive maintenance 
system since parts to carry out preventive work need to be available 
in stores at the prescribed work date. Reserving a part against the 
appropriate job number would ensure that the system could operate 
successfully. 
5.3 Budgetary Control 
Another major Durham system, used to control job budgets and already 
interfaced to COPICS is Group Job Costing (GJC). GJC is used 
to monitor and control expenditure against a job with respect to a 
predefined budget. 
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As this system offers all the necessary functionality for a budgetary 
control system as defined abovev aJhPit subject to limitations of 
batch processingv and is an integral part of the Philips 
administration activityv interfacing tov rather than replacement of 
this package would be a necessary solution. 
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In summary; the previously stated benefits of a pilot system to 
collect machine stoppage data were : 
1) As a necessary precursor to the successful implementation of an 
equipment management package. Irrespective of the package 
selected 0 accurate data on machine performance would need to be 
collected. 
2) To provide information for capacity planning purposes. 
3) To improve shop floor attitudes and highlight any problems with 
respect to shop floor data collection. 
4) To provide an input to a user requirements specification for a 
proprietary package (Ref. 57) 
On developing the specification for the EQUIP system it quickly became 
apparent that if the systems functionality was limited solely to its 
original premise of a data collection system then the system as a 
whole would lack credibility and its use as a learning tool would be 
negligible. Therefore 0 although it was realised that there may be 
some overlap with the functionality of the plant monitoring modules of 
any selected proprietary package; it was decided to build in a 
significant amount of analytical 0 graphical and report producing 
functionality into the system. 
From this expanded brief 0 it was then possible to view the system not 
only as a pilot project for collection of machine breakdown 
information but as a viable tool for management reporting and 
equipment performance improvement. 
Furthermore 0 although the initial concept of the system was to provide 
feedback to the maintenance planning function, it soon became apparent 
that further benefits could be gained from the system, in the field of 
capacity planning 0 by recording all causes of downtime i.e. whether 
due to production or engineering problems. 
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Overall objectives of the system were therefore determined as 
l) To diagnose major equipment utilisation prublems, 
2) To control downtime and give feedback to the maintenance planning 
function, 
Finallyu a process area of the factory had to be selected, The 
production of screens for computer monitor tubes is a new process for 
Durham and one which is highly sophisticated and complex, In general 
termsu after precoatingu a black graphite holed matrix has to be laid 
down on the screen, The screen is then flowcoated to eventually 
develop a triad of greenu blue and red phosphors in each of the matrix 
holes. This process technology utilises recently developed equipment 
and is also the factory bottleneck for CMT production. This area was 
therefore selected as being one in which a system of this nature would 
be highly desirable, 
A cost benefit rationale for the proposed system was carried out and 
results were very favourable. It was shown that if only a 30% 
improvement on downtime could be achieved through improved information 
on the causes of downtime then savings in the region of £~ million 
per annum could be achieved. 
6.2 Functionality of the System 
The systems functionality and relationship with respect to other shop 
floor data collection systems is given in Figure 6.1. Essentially 
EQUIP is used to monitor causes of process downtime. Further 
explanation of the system operation and the data collected is given in 
Figure 6,2. 
The complete functionality of the system is given in Appendix 4.1 -
The System Functional Specification. 
Failure Classification 
To translate the causes of lost utilisation into a form 
suitable for collection and analysis by computeru machine 
codes and fault codes had to be determined. Analysis of 
data with respect to major faults and specific process 
machinery is then possible, 
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1 ) .Machin~ Codes_ 
Machine codes were allocated so that each individual 
piece of equipment was given its own identifying codep 
built up from 3 sub codes denoting 
a) Department. 
b) Equipment Item. 
c) Position on Equipment. 
For example the code for the protonising position on 
the precoat line would have a code of : 
a) 
b) 
c) 
165P 
S33 
10 
(denoting department). 
(denoting precoat process equipment). 
(denoting process position 10). 
Thus the machine identifier code would be l65P S33 10. 
ii) Fault Codes 
Fault code design was an important factor with respect 
to long term effectiveness of the system as a problem 
identification tool (Ref. 50). 
A four digit system was decided upon and the following 
ranges were allocated to the different types of faults. 
Maintenance 
Machine Problems 0000 -> 5999 600 groups of faults 
Production 
Standby Time 6000 -> 7999 200 groups of faults 
Scheduled Downtime 8000 -> 8999 100 groups of faults 
Trials 9000 -> 9999 100 groups of faults 
Further allocation for each fault group was as follows 
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6.2.2 
a) In each ranger if appropriatev sub ranges for 
process equipment were determinedv and fault 
groups were then numbered sequentially in groups 
of 10. 
b) Individual faults within group can then be 
numberedv e.g. 
4690 Wagger Arm Motor 
4700 Wagger Arm Cam 
4705 wagger Arm Cam Follower 
4710 wagger Arm 
4720 Timing Belts 
Coding in this manner allows searches to be done on 
the database for individual faults and also groups of 
faults. 
Data Input 
When there is an occurence of lost opportunity i.e. for some 
reason an expected product is not made then information as 
to when 0 where 8 why 1 the significance of and who dealt with 
the problem is gathered. 
Appendix 5.2 shows the A4 template of the data collection 
cards that were originally used in the system. 
In detail 1 each time an incident occurs the following is 
collected : 
i) Week Number - Standard ISO numbering system widely 
used in Philips. 
ii) Day Number - Sunday = Day 01 saturday = Day 6. 
iii) Shift - The factory operates a 3 shift system. 
iv) Department ~ In this example all 165 + Precoatu 
Matrix or Flowcoat. 
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v) Machine Code and Process Position as previously 
discussed. 
vi) Fault code as previously discussed. 
vii) Nwnber of Products Lost L> To determine the 
significance of the problem. 
viii) Stop and Restart Time ~ Useful information with 
respect to equipment history. 
ix) Who Took Action to Correct Problem - Maintenance; 
Production; Services or Other. 
x) Finally 16 digits are available for short comments by 
the Shop Floor Supervisor. 
6.3 System Description 
6.3.1 Hardware and Software 
The system is based on an IBM PC AT and written in a 
modular form using the dBaseiii+ programming language 
(Ref. 66). Extra graphics macros have been used to 
enhance the reports and graphs produced by the system. The 
PC is situated in the maintenance planning office for easy 
access by the System Manager. 
Overall the system has been designed to be easy to update 
and modify. DBaseiii+ was chosen as the best package to 
develop the system in that it has a high level programming 
language ideally suited to this type of application and a 
user friendly data query mode to facilitate ad hoc data 
interrogation i.e. The Assistant. DBaseiii+ is also Philips 
approved and supported. 
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Dati.lu on each stoppage occurenceu is input into a handheld 
computer by Shop Floor Supervision. This data is then down 
loaded daily via an RS232C interface to the EQUIP PCr as 
illustrated in Figure 6.3. 
CMT Environment 
Breakdown Data 
Input to Handheld 
for Transfer to 
System PC 
Handheld put on 
Battery Recharge 
Daily 
Data Downloaded Daily 
-----------------=-=-> 
via RS232C 
EQUIP System PC in 
Maintenance Officeo Data 
Transferu Analysis and 
Report Productiono 
Daily operation of the system is carried out by Clerical 
personnel, under the supervision of the system Manager. 
Broadly speaking the system has three modes of operation 
Automaticu Semi Automatic and Manual. 
Automatic 
Each dayu week and month set standard reports are required 
by the customers of the system. These are produced 
automatically by the systemu from the day to day operation 
of the Clerical supporto 
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A summary of the operating procedures is as follows 
DAILY 
Process Data 
\j! 
Data Input 
'{! 
Data Validation 
\Y 
Produce Reports 
WEEKLY 
Produce Reports 
'il Process Data 
MONTHLY 
Produce Reports 
\)/ 
Process Data 
The reports automatically produced by the system cover the 
majority of user requirements and an example of reports 
produced are given in Appendix 5.3. 
Semi Automatic 
There are some forms of data presentation required on a 
fairly frequent ad hoc basis. Namely, these are paretos 
based on machine codes or fault codes over a variable time 
base, or % breakdown summary detailed over a variable time 
base. To facilitate these needs there are routines, 
accessible to the system Manager, which require only the 
specified time base to be input. 
Manual 
There are likely to be interrogation requirements which 
will arise from the day to day operation of the factory and 
which therefore could not be predicted at the system design 
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stage. To make the system as flexible as possibleu access 
to original data is required. To facilitate these needs in 
a user friendly wayu routines are provided to load up the 
appropriate database requiredu along with relevant index 
files, Data is then readily avaUable to the System Manager 
for further analysis with dBaseiii+ 1 Assistanti. 
The role of the system Manager in using these data 
interrogation routines is seen as critical with respect to 
the successful use of the EQUIP system as a maintenance 
planning tool. 
6.4 System Desigrr 
The system has been developed using a top down structured approach 
and is written in a modular form for ease of system maintenance and to 
enhance software integrity (Ref. 63). 
Data is sorted on a time base into various files. This is to 
facilitate report production and long term data analysis. As the 
system is PC based, consideration has been given to minimising 
processing time on frequently occurring operations and limiting 
database size on long term databasesv thus maximising speed when 
carrying out data analysis. 
6.4.1 Database Design 
Formal structured analysis and design techniques have been 
used to ensure effective and elegant system design. 
The database design encompasses criteria as defined by the 
3rd form normal (3NF) analysis technique - this is 
essentially a set of rules for the combination of entities, 
attributes and relationships within a data model (Ref. 64). 
An entity is in 3NF when it has 
1) An identifying key. 
2) No repeating attributes or group of attributes. 
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3) No attributes which do not require the whole of the 
identifying key to identHy them" 
4) Attributes which are mutually independanL 
Steps taken in this normalisation process are as follows 
un~normalised Entity 
Step lu Remove Repeating Groups I. 
'.· 
First Normal Form 
Step 2u Eliminate Non Full Dependence (lNF) 
on Identifying Key \V 
Second Normal Form 
Step 3u Eliminate Transitive (2NF) 
Dependence I y 
Third Normal Form 
(3NF) 
lNF and 2NF are not important in themselvesu they are 
merely the route to 3NF. 
Some duplication has been built into the system in the form 
of the 0 long term summarised 0 databases. The information 
in these databases is likely to be required on a fairly 
frequent basis and the duplication allows faster access to 
previously calculated summary data. 
An overall schematic of the subsequent database system is 
given in Figure 6o4. 
Set Up Databases 
Data from these reference files is used throughout the 
operation of the system. 
The major benefit of having these 'look up 0 files is that 
changesu which are likely to be requiredu need only be 
entered to the system in one place. 
This makes modifications and changes to the system simple 
and relatively easy to carry out" 
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.Q~HY _Q.atabases 
DaUy datav from all 3 departments is input into the daily 
database. An entry identifier is generated by the software 
to give each record a unique identifier which remains with 
it throughout the data 0s lifetirre in the system. The entry 
·ntifier also incorporates the week and day number. 
For example 9115001 
9115002 =week number 911 (ISO std) + 
day number 5 + count 2 
The daily downtime analysis report is produced from this 
data and when daily data is processed the data in the daily 
database is sorted by department to the monthly files. 
All data in daily database is then deleted in preparation 
for the following days input. 
Throughout the.week 1 scratchpad files summarising data on 
machine breakdowns 1 frequency and products lostv are also 
kept per department. 
Monthly Databases 
Datav sorted by department; is downloaded into monthly 
databases from the daily database during daily data 
processing. 
Weekly and monthly report routines use these databases. 
At the end of the month data from these files is sorted by 
fault code into the yearly maintenance and production 
databases. 
Long Term Summarised Databases 
Summarised weekly data 1 as given in weekly downtime 
analysis reportv is kept in these files for approximately 2 
years before being automatically deleted during monthly 
processing. 
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6.4.2 
Data previously sorted by department is sorted by fault 
code into the 6 yearly files creating databases of 
maintenance or production problems per department. 
PC Analysis System 
The PC based data manipulationv analysis and report 
producing software form the major part of the EQUIP system. 
The programme has been written in a structured top down 
manner in dBaseiii+ programming language. Operation around 
the system is menu driven. Standard functions and 
procedures have been grouped together in a 'library' 
programv allowing access by all calling programs. 
Additional graphic macros have been added (dGE graphics) 
for production of line graphs etc. 
The functionality of the software with respect to data 
manipulation and automatic report generation is summarised 
by the data flow diagrams detailed in Appendix 5.4 (Ref. 62). 
The system also provides ad hoc interrogation and graphing 
routines. 
Entry to the system is password protected. On correct 
entry to the system the user is presented with the main 
menu. Essentially selection of an option will call a 
further program which in turn calls mask screens, to 
generate displays, and further modules, as appropriate; as 
shown in Figure 6.5. Figure 6.6 shows main menu screen and 
Figure 6.7 further illustrates the systems operating 
environment. 
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FIGURE 6.5 
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< 6 > EXIT TO OPERATING SYSTEM 
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The design of all the major option programs j_s similar" To 
illustrater the POL (Program Description Language) and 
commented code of one of the smaller programs; month menu is 
given in Appendix 5"5" The standard procedur.es pctckctge 
provides common functionsu many graphicalu for all calling 
packages and some of the POL and commented code for this 
program is also given in Appendix 5.6. 
Handheld System 
Code on the handheld is written in a structured modular 
form using BASIC under a CP/M operating system" Data input 
is validated before being written to file" This file is 
then transferred to the IBM PC" 
6oS Post Implementation Audit 
The system as described above is commissioned and fully operational 
at Philips Ourhamo 
Furthermore, the system has now been extended into the Lacquer and 
Aluminising process in the plant. 
With respect to possible factory wide implementation the system has 
been reviewed to clarify benefits gained (see Appendix 6)o Part of 
the brief of this audit was also to highlight any issues relating to 
the successful operation of such a shop floor data collection system" 
Audit Results 
6o5ol Data Accuracy 
For the purposes of comparison, data from the EQUIP system 
was compared with that from the equipment performance 
summary sheets (as detailed in Chapter 3)" Results of this 
comparison over a 3 month time period in 1988 are given in 
Appendix So7o 
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FIGURE 6.8 
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50 
From this data it can be concluded that the system provides 
more accurate information on causes of lost utilisation than 
is otherwise available. 
Gr~phs of one set of datar from Lacquer and Aluminising 
Line l, are given in Figure 6.8 and 6.9. Although the 
figures and ratios vary, overall EQUIP provides very 
substantially improved information on machine breakdown 
freguencyg causes and downtime ~ in a readily accessible 
form; previously unavailable. 
Figure 6.10 demonstrates that it also provides a record of 
machine faults fixed by production, sometimes up to 90% of 
incidents 6 which would otherwise not be drawn to the 
attention of the maintenance department. 
Figure 6.10 : Machine Incident - % Correction by Personnel 
~ 
f_AC A.ND A.L. UNE 1 -REPAJR A.CT!ON 
r// 7-1 
/1 
. 'I 
AUG SEPT ::;cr 
lZZJ PRODUC110N REPAJR cs=:::. MAJNTENANCE REPAJR 
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Management issues relating to the successful operation of a 
machine non availability data collection system highlighted 
through the implementation of this pilot project are : 
i) System OWnership. The system needs to be mvned and 
responsibility taken for its effective operation. 
ii) Management support. The system should be supportedu 
and be seen to be supported 9 by the managers of the 
concerned functions i.e. production and engineering. 
iii) Duplication of Information Systems. A common failing 
when introducing new information systems is not to 
review and terminate any existing systems that were 
expected to be superceded. In the case of EQUIPu data 
on machine availability is still collected through 
other means e.g. engineering log. Operating duplicate 
systems leads to confusion and frustration for 
personnel charged with the task of collecting the 
data. It also implicitly means that no one system 
e.g. EQUIP has management support. Overall this tends 
to lead to many systems with inaccurate data 9 rather 
than one accurate and accepted system. 
iv) Data Collection Personnel. Machine breakdowns or line 
stoppages can happen at any time during a 24 hour 
shift. As only production personnel are in situ 24 
hours a day then logistically it is they who must be 
responsible for data collection. Experience has also 
shown that careful consideration should be given as to 
whom in the production department should input the 
data = the person should hold a position of 
responsibilitYu be accountable for the accuracy of the 
data input, be physically located near the line and 
also have sufficient time to carry out the task in a 
conscientious and effective manner. In pilot areasu 
results indicate that process control operators are 
most suited to this role. 
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The fact that production personnel must be responsible 
for data input has a bearing on system ownership due 
to the need for accurate.data input, The owner must 
have authority over, or influence upon, production 
personnel, 
v) Use of Information as a Tool, Craftsmen can readily 
accept spannersu multimeters etc as tools to help them 
perform their jobs more effectively, A much more 
nebulous concept is the use of information as a tool, 
Craftsmen do not associate information systems as 
tools of their trade, This is obviously a cultural 
barrier which must be overcome, 
vi) Training, in both the objectives and philosophy of 
the system as well as its method of use, In some 
ways the system is seen as a threat by maintenance 
personnel = "I don°t need a system to tell me what has 
gone wrong, I keep a close eye on what is going on on 
the shop floor 11 , Here the system was being perceived 
as a management tool, undermining the 
conscientiousness of the shift engineer, Improved 
understanding of the objectives of the system, as a 
tool to highlight underlying faults, has gained a much 
more positive response to the system, Similarly, 
misconceptions about the system are present with 
production personnel "I want to use the data to hammer 
maintenance about the number of breakdowns", Again 
this sort of perception can lead to negative attitudes 
about the system, 
A fundamental cause for some non utilisation of the 
system was lack of knowledge as to what data was 
available and how to access it. 
vii) Access to System, An important feature for personnel 
who do use the system is that as it is PC based they 
feel in control of the system. Using the data 
interrogation facilities they can access the data as 
required. 
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viii) Integrity of Data, Maintenance personnel do not 
completely trust the data provided by production 
personnel, Their concernv that time is being 
incorrectly booked to machine stoppages rather than to 
breaks etcv is symptomatic of the mistrust between the 
two functions, Closer working relationships and the 
formation of multidisciplinary teams should help 
resolve this problem, 
ix) Feedback to Production Personnel, Production 
personnel need feedback that actions are being taken 
by maintenance based on the data provided, 
Productions 0 perception is that they provide machine 
breakdown information in four different waysv none of 
which improve the quality of the maintenance service 
they receive, This in turn demotivates personnel in 
providing accurate input data, Again improved 
communications between production and maintenance are 
required to address these issues, 
x) Benefits of the system should be visible, At a 
genernal levelu for any system with preventive 
objectives there is difficulty in highlighting its 
benefits. If a major line out occursv attention is 
focused at the problem and the craftsman who fixes the 
equipment can be seen as the 0hero of the day 0 • With 
a preventive systemv thought should be given as to how 
to publicly praise the craftsman who prevents the 
problem from arising in the first place. Modified 
performance indicators may provide a suitable means of 
achieving this objective, This subject is further 
discussed in Chapter 9, 
All the above issues have been brought to the attention of 
Durham management and are now being addressed, 
Further discussions will therefore concentrate on the more 
technical issues raised by this project, 
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Technical issues raised·by EQUIP are 
i) Although providing much improved plant history datav 
i.e. the feedback systemv the lack of direct 
communication with the actuator systemv inspection 
maintenancev makes it difficult to incorporate 
knowledge gained into the planning operation. 
Although some manual adjustments have been made to 
inspection maintenance based on EQUIP datav this is 
very much a 1 hit and miss 0 affair. This would 
emphasise the need for an integrated maintenance 
management package for planning and feedback purposesv 
with optimisation routines to enhance the 
effectiveness of the maintenance function. 
ii) Trend analysis is carried out on the databases by the 
System Manager. 
It is perceived that further development of the trend 
analysis functions and the utilisation of more statistical 
techniques can further enhance the benefits available from 
the system. Furthermore 1 exploration of this subject will 
serve greatly in helping to define user requirements for a 
maintenance management package. This subject is therefore 
further discussed in Chapter 7. 
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CHAPTER "/ STATISTICAL ANALYSIS OF MACHINE BREAKDOWNS 
--~-- -~----------·------~·--- ~--------- ~-
Trend analysis carried out by the System Managerv enables further 
clarification of machine failure modes, 
A detailed review of machine component classification and further 
consideration of statistical techniques will serve to enhance the future 
functionality of the systemo Such a review would also provide valuable 
insights into a user requirement specification for an equipment management 
system, 
Obviouslyv the level down to which machine components may be classed varies 
for equipment type and requires consideration of what level of parts is 
replaced e,g, is a pump replaced on failurev or is a sub component such as 
a diaphragm replaced, 
IdeallYv though not necessarily practicallYv analysis should be down to 
smallest replaceable part, 
Having clarified the level of component classificationv consideration can 
then be given to statistical techniques available for analysing equipment 
performance, 
However, before proceeding furtherv it is opportune to first define all 
relevant terms ~ 
7,1 Clarification of Terms 
1) Availability 
The fraction or percent of uptimeo Availability is measured by 
dividing hours of uptime by scheduled running hours, 
2) MTTF 
Mean Time To Failures, Is the average available time between 
equipment failure, An important characteristic with respect to 
machine performance and this parameter is failure pattern e,g, 
time basedv random etco Also of significance is the availability 
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of suitable parameters to detect the onset of failure" The 
inverse of MTTF j.s the failure rate or the number of failures per 
operating hour" 
3) MTTR 
Mean Time To Repair is the average time necessary i...o repair and 
return equipment to service once a failure has occurred" 
4) Reliability 
Is the probability that a piece of equipment or a component will 
operate satisfactorily for a specified period of timeo 
7"2 Significance of Failure Patterns 
Failure mode is a vital parameter with respect to the usefulness of 
statistical techniques in analysing/predicting machine performance" 
(Refo 73)" The failure pattern of complex equipment is made up of 
several distinct types of failureo Obviously it would be of advantage 
if the failure pattern of an item of plant could be clearly described 
in terms of practically meaningful parameterso 
Many failure causing mechanisms give rise to measured distributions 
of times to failure which approximate quite closely to analytical 
probability density functions (Ref" 72 and 74)" 
7"3 Description of Probability Density Functions 
If many thousands of a component are tested such that the class 
interval of the results is such that a curve is produced, a continuous 
probability density distribution is obtained" 
Probability Density 
Function f(t) 
Time to Failure, t 
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Total Area Under Graph = 1 
F( t) " Probability of failure before a running time L 
Shown as a graph of cumulatiw> fraction faDed Le" \•Jhere f(t) .. 
f(t)dt, the graph appears, 
cumulative Distribubon LO 1 -·----·------. 
Function F ( t) 
Time t 
Graph Shows Tolal Fraction 
of Sample that will have 
failed by time ( t) 
The survival probability 9 P(t)u the number of items from the sampleu 
surviving at running time t 9 is clearly P(t) ~ 1 = F(t), 
survival Probability 
P(t) 
LO I 1- ~-- --=-~ ~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Time t 
Probability density functions that can be described by mathematical 
functionsu are referred to as Probability Density Functions (PDFus) 
each of which has an associated Cumulative Distribution Function (CDF), 
Functions such as these 9 provide mathematical models of failure 
patterns which can be used to assist maintenance decision making 
(Ref, 74 9 75 and 78), 
Three types of failure pattern will be considered further 
7,4 Types of Failure Patterns 
Age Dependent Failure (Wearout) = A Predictable Failure 
Model 
A group of identical components operated under identical 
conditions will tend to wear out at the same time, A 
simplified model of an age dependent failure process is 
shown in Figure 7,l,A, 
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7,4,2 
\ 
t t 
There is increasing likelihood of failure as the components 
grow older and the times to failure of a large number of 
such components would therefore be distributed as in Figure 
7.LB (where f(t) "probability of failing per unit timev at 
running time t, Figure 7,l,C gives fractions of items 
expected to have failed by time tv and 7,1,0 gives the 
converse survival probability, 
A failure pattern of this type indicates that the figure is 
age related and due to mechanisms such as abrasionu 
corrosion and fatigue, This type of pattern approximates 
quite closely to well known normal distribution, 
Random Failure ~ An Unpredictable Failure Model 
These failures are the result of variations in the load 
imposed on any given component and the strengths of 
supposedly identical components, Random failures are 
essentially constant over the lifespan of the equipment and 
are normally smallu being overshadowed in most cases by 
other failures, The probability of failure is independent 
of running time and such behaviour often indicates that the 
cause of failure is external to the item, 
A simplified model of such a failure is illustrated in 
Figures 7,2,A to 7,2,0, 
I I I I 
\~ i~ iL:~ 1- --- ~-f(t) F(t) P(i)~~~'-I 
~-<=>~~""""""""~ ~.,...~-=-~..a-=--=-
t t t t 
7,2,A 7,2,8 7,2,c 7,2,0 
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A failure pattern of this nature indicates that the failure 
mechanism is process related e,g, maloperation and/or poor 
design. 
Obviously w:L th respect to the random failure mecha.nj_sm 
there will be no optimum replacement period for such a 
part, 
For this type of failurev condition monitoring of a 
suitable parameter is a powerful technique for determining 
when to take maintenance action, Further details on 
condition monitoring are given in Appendix 3, 
B.tmn~g_)ll.l'ailu_re - An Early Failure Model 
Early life failures are those which occur when equipment is 
initially placed in service and are caused by sub standard 
components and/or improper installation, Their frequency is 
highest at initial start up and then rapidly declines, Such 
behaviour results in the hyper exponential PDF of time to 
failureu an initial rapid exponential fall and a later 
slower exponential fall as illustrated in Figure 7,3.8 to 
7,3,C, 
I I I I 
I L_ iC_~-- 1-----t f(t) F(t) P( t) !~==-~~c:::::>c::::::>c::::::>~c::::::>o:=o 
t t t t 
7,3,A 7,3,8 7.3.C 7.3.D 
Some items are manufactured or installed with built in 
defects which show up during the running in stages, Those 
that survive this stage were without such defects to begin 
with and go on to exhibit the sort of time-dependent failure 
probability previously discussed, 
A failure pattern of this type indicates that the failure 
mechanism is manufactureu assembly or recondition related, 
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Items on the EQUIP database have been analysed with respect to these 
failure patterns to determine the viability of ascertaining their mode 
of failurev which j.n turn could aid maintenance decisions. 
Unfortunately it was not possible to draw any statistical conclusions 
on machine performance from this analysis. Howeverv the benefits of 
collecting machinery failure information in a form suitable for such 
analysis should not be underestimated. To pursue this objective the 
following points are made : 
i) Item definition is not resolute enough ~ fault failure codes 
appear to be detailed enough but machine classification does 
not facilitate analysis of the mode of failure for replaceable 
parts. For the system to become predictive this must be 
addressed. 
ii) There is uncertainty as to how precisely production 
personnel are able to diagnose the cause of failure. Durhams 
process equipment is complex; failure in one area may cause 
an effect in another area - for trend analysis purposes it is 
important that the cause and not the symptom of a problem is 
correctly diagnosed. 
iii) The system has not been operational long enough for viable 
statistics on mean time to failure to be obtained. Much of our 
process equipment is relatively unique; therefore; to collect 
information on the type and frequency of failure of a certain 
component type will be a lengthy process. 
7.6 Potential Application of Failure Statistics to Maintenance 
Management 
If availablev failure statistics can be used to determine the best 
maintenance procedure for individual plant items. The different 
maintenance procedures possible are illustrated in Figure 7.4. 
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In many casesv the most appropriate maintenance plan can be determined 
without the use of failure statistics. Howeverv where the cost of 
failure is high relative to the cost of fixed time replacement e.g. 
process bottleneck equipmentv then fixed time replacement often is the 
best policy and failure statistics can be used to determine the 
optimum replacement period. 
A further benefit of collecting information on failure modes is that 
va~ious statistical techniques then become available to aid in 
maintenance decision making (Ref. 76 and 80)v an example of whichu the 
Weibull PDF is described below (Ref. 73 and 74). 
The Weibull Probability Density Function (PDF) 
Although conventional PDFus can be used to describe failure patternsv 
the Weibull PDF has been found particularly useful because it 
provides ~ 
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1) A si.ngle PDF whj_ch can be manipulated to represent the three 
PDF 0s described earlier. 
2) Mca."lingfuJ. pararneLers uf the failure pattern such as the 
probable minimum t.im2 to failure. 
3) Simple graphical techniques for its practical app.lications. 
1:he PDF for this distribution is 
f( t) -
R=l ~ (t·~to)~""' 
and the CDF is 
{ r t=to J f3 1 F(t) ~ 1 = Exp = l =Yl~ J 
Further explanation of terms : 
l) The threshold time to failurev or guaranteed lifev to 
2) 
3) 
In many cases of wearout the first failure does not appear until 
some significant running time to has lapsed. In the Weibull 
expressions the time factor always occurs as the time interval 
(t=to). 
The characteristic lifev n when (t=to) = nv P(t) = exp (=l) :,; 
0.37 i.e. n is the interval between to and the time at which it 
can be expected that 63% of the items will have failed and 37% 
survived. 
The shape factorv ~v Figure 7.5v shows how the various patterns 
of time to failure and of age specific failure rates are 
characterised by the value of ~· A running in failure process is 
characterised by a value significantly less than oneq a purely 
random process by a value fairly close to onev wearout by larger 
valuesv. although if ~ is less thanu say v 3 then a purely random 
factor is still significant. 
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The Weibull PDF can therefore be used as a failure diagnosis aid to 
help determine the cause of a recurring item failure. This is 
summarised in terms of the Weibull shape parameterv Figure 7.6 
Figure 7.6 Relationship Between Weibull B and Cause of Failure 
Failure Pattern 
Age Related 
Pattern f3 > 2 
Recurring 
Item Failure Time : Independent 
MTTF < =~=========----======== 
Manufacturers Pattern ~ - 1 
Estima.te 
Early Failure 
Pattern ~ < l 
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It is outside the scope of this thesis to carry out a full user requirements 
speciUcation for an equipment management package for Philips Durham, 
Howeverv it is possible to give further clarification of hardware and 
software requirements that will provide the functionality as detailed in 
Chapter 4. 
8.1 Hardware Requirements 
For processing purposesv the major factor to determine is whether the 
application would be best suited lo run on a micro-computer (PC) a 
mini~computer or mainframe system. Essentially this will be 
determined not simply by the functionality of the application package 
but also the number of assets on the databasev acceptable processing 
speed and the number of data terminals required. 
Howeverv as objective data on these criteria is difficult to obtain 
short of setting up prototypes on different systems and carrying out 
benchmark testsv logical assessments can only be carried out on 
related experience. 
Number of Assets 
Due to the large number of assets that would need to be 
included in the asset register and history files (there are 
at present over 300 major plant items on the inspection 
maintenance system) significant data storage would be 
required. 
For comparisonv the MTAS system at Nissan has approximately 
200 assets on it and required about 20 MBytes of hard disk 
storage. A minimum requirement for Philips Durhamv with 
over 300 assets giving some safety marginu would be 40 
MBytes of hard disk storage. This figure is obviously 
highly dependent on the amount of data collected and stored 
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8.L3 
by the particular software package and to what level it is 
necessary to define assets. Comparison with data storage 
requirements for the EQIJTP .syste.m would indicate tho.t this 
figure is conservative. 
-~eed 52f _Processinq 
This is a major consideration with respect to hardware 
selection ,~ if a user has to wait significant timespans for 
the system to process transactions <> then overall the system 
will lack credibility. 
Againv quantification of requirements is difficult. 
Howeverv at Nissan the stand alone IBM AT PC based package 
was considered too slow and unresponsive with the resulting 
intention to update to a mini based version of the system. 
Not only were individual transactions slow and frustrating 
for the userv but batch style jobs were unacceptably long 
e.g. it took 10 hours to print the work dockets. 
Comparison with the EQUIP system on its IBM AT PC would 
support the argument against a PC based solution. As the 
breakdown databases have grown over timev searches through 
them have become increasingly slower. If this trend were to 
continue then it is possible that the system would lose 
credibility due to its tardiness. 
Number of System Terminals 
Although it is possible to determine the number of 
terminals required for data analysis and output purposesv 
the overall number of terminals is highly dependent on how 
data is to be input from the shopfloor. This in turn is 
dependent on the overall factory information strategy with 
respect to shopfloor data collection. 
If data was to be directly input from terminals situated in 
the processing areas then approximately 15 terminals would 
be required. 
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For data analysis and display purposes then appr:mdmateJ.y 6 
tGrminals would be likely : 
a) Centr~l. mr.dntenance ofh.ce, This could also be used 
for data input for solutions other than direct input 
from the shopfloor o 
b) Central Maintenance Department Heado 
c) Works Engineero 
d) One for each of the three IMT Production Engineering 
Department Headso 
The selected solution would therefore have to support 
significant networking requirementso 
With respect to the above requirements of data storage 9 
processing speed and networking capabilitiesv a PC based 
solution for a maintenance management package is not felt to 
be viableo 
Both mini and mainframe systems would have the technical 
capabilities to support our reguirementso Howeveru the 
overall cost of mainframe solution in terms of hardwarev 
software 9 operation and maintenance costs would be much 
higher than a mini based solutiono 
As a possible part of our integrated systemi special 
consideration has been given to the mainframe based COPICS 
module = plant maintenanceo Although this module has 
excellent functionality 9 it is built upon another module 9 
plant monitoring and control (Refo 56)o Plant monitoring 
and control is based upon a sophisticated network of shop 
floor systems designed to control product flow in a batch 
style operationo As such it has not been nor would be 
suitable to be implemented at Philips Durham. The COPICS 
plant maintenance module is therefore not a viable option 
for Philips Durhamo 
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Overallu it is therefore concluded that the most 
appropriate hardware solution would be a mini based system, 
With reference to computing facilities already j_nstalled on 
site with the possible avaUabLU ty for a package of this 
naturev Phi1:Lps have available DEC Microvax 3300 and 3500 
mini~·computers, These are standard machines and obviously 
the selection of a package to run under ViVJS on one of these 
machines would drarratically reduce the cost of system 
implementation, 
8,2 Software Re~~irements ~ Packages Comparison 
With reference to the hardware requirements as detailed aboveu the 
mini based packages as summarised in Table 8,1 and further detailed in 
Appendix 7 have been analysed furthero 
Table Sol Equipment Mana~ement Packages Considered 
===~==:.:=:::::=::::====================.================-:==========:::======= 
i MAINPAC : cruickshank Management Resources Ltd 
:---~----------------------~---------------------=----~----=-
: MAINTENANCE i Hoskyns 
i MANAGEMENT SYSTEM i 
:----==-====-=====-=-===--===-----------=-=================---
: INHAMMER MAINTENANCE i Idhammer 
l MANAGEMENT SYSTEM l 
I 
,------------------------=======-====--=-==-~========-===-==== 
RAPIER : Resource Management Systems 
=====---==----==--==========-==-~~----------=--=====-===-----: 
TEROMAN : Scicon Limited : 
=======--=====-=-------====-=-=======--=====--============-==: 
TEMPO : Tandem Maintenance services Ltd i 
-==--==~-=-===-===============------------------------------: 
HELMSMAN i MTAS i 
============================================================= 
A comparison across various relevant criteria is given in Table 8,2, 
Experience gained from the EQUIP project has been used to help 
determine the relevant critera and their importance when comparing 
various packages, These are detailed in the first and second columns 
of Table 8,2, 
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TABLE fl.2 : MAJ NTENANO:: PACYJ\GES OJMPARISON 
Prior~ :: lll = Necessary, Lack would Exclude Package : (2) = Highly Desirable : (3) = Desirable 
==-=·==..::::-=~==-===~=~ ~ === 
FEATURE I PRI I MAINPAC : PTS : HOSKYNS : PTS : IDl-IJ\MMAR : P'f'S : RAPIER : PTS : TEROMJ\N : PTS : TIMPO : PTS : HF.il".SMAN PTS I I 
·::-:::::-===-::-=-= 
PAO\AGE D~All.S 
I I I I I I I I I I I I I i I I I I I I I I I I I I I 
Hardware I N/A I DEC VAX I I Portable I I DEC VPJ< I I Portable I I Portable I I Portable I I Mini I I I I I I I I I I I I I 
Inc DEC I I I I Inc DEC I I Inc DEC I I Inc DEC nased I I I I I I I I 
VAX I I I I VPJ< I l VAX I I VAX I I I I I 
' I I I I I I 
I I I I I I 
Establishe<l Supplier : 3 : Yes : I Yes I l : Yes : l : No I 0 : Yes I l : No 
' 
0 : Yes 
' ' ' ' I 
I 
I Implementation Support I 2 I Yes I I Yes I 2 : Yes I 2 I Yes I 2 I Yes I 2 : Yes I 2 Yes I I I I I I I I I I 
' 
I I I I I I I I I I I 
I I I I I I I I I I I 
Post Sales Support I 2 I Yes - 10% : : Yes : 2 ! Yes : 2 : Yes I 2 : Yes : 2 : Yes I 2 Yes 
' 
I 
' ' 
of svw 
Cost 
-
I I 
0 I I 
\0 I Documentation I l Yes I I Yes I I Yes I I Yes I : Yes I : Yes ' I Yes I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
On Line Help Facil.ity I 3 Yes I I No I I No I 0 I No I 0 I Yes I l : Yes I l : Yes I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 
UK User Group I 3 No I I Yes I l I Yes I l I No I 0 I No I 0 I No I 0 I No I I I I I I I I I I I I I 
I I I I I I I I I I I I i I I I I I I I I I I I I 
Interface to OOPICS and GJC : 1 No : : Yes I l Yes : : Yes : : Yes : : Yes : : No 
' Possible ( Rea 1 Time or 
Batch?) 
I I I I I I I I I I I I I 
I I I I I I I I I I I I I 
User Friendly Query ' 2 : No : : No : : Yes I 2 : Yes l 2 l Yes I 2 l No ; 0 : No 
' ' ' Language 
CUstomisation Possible 
I I I I I I I I I I I I I 
I I I I I I I I I I I I I 
Fields I 2 I Yes I lNo I I No I 0 I No I 0 : Yes I 2 No c iNo I I I I I I I I 
' 
I I 
- Menus I 3 I Yes I I No I I No I 0 I No I 0 I Yes I 1 I No I 0 i i'?o {. I I I I I I I I I I I I I I 
Report Formats I 2 I Yes I I Yes I 2 I No I 0 I No I 0 I Yes I 2 I No I 0 I Yes I I 
' ' ' ' ' ' ' ' ' ' ' ' I I 
I I 
Griiphical Outputs I 2 ' No" 1 I I Yes * l I 2 I Yes I 2 I Yes I 2 I Yes I 2 I Yes I 2 I i\o I I I 
' ' ' ' ' ' ' ' ' ' 
Password Contro I. led Access ' 3 :No I I No I I Yes I l I No I 0 I Yes I 1 : No : 0 : Yes I I I I I I I I 
' I I I I I I I I I 
I I I I I I I I I 
Cost I N/A l £9,100 I I £11,000 I I £21,000 I I £21.000 I I .£50,000 I I - J I £10,000 I I I I I I I I I I I : I 
- -
Continued ... 
=~=-c:-:::-;-;;;--==c:::::~==== ---
-- - - --
=-=--==-== --:-:: 
FEATIJR£ I I'Rl I MAlNPAC I PTS I I!OSKYNS I PTS I IOHAMMAR I PTS I RAPIER I PTS I TERCMAN I P'l'S I ':'EMPO I P'l'S lfE:,MSVJu''J I P'I'S I I I I I I I I I I I I I I I 
' 
I 
: ~::-:: ::c:-:-::~ ::.~-::-=-=-·~-=--=·~ 
--
~=-::~~~~-==~~====~-=~=~- I 
---
- - -- I 
MODUI..f;l; 1'\JNCI'II lNALJTY ' I I I I ' I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I 
' 
I I I I I 
I I I I I I I I I I I I I I 
Plant Monitori~ I I I I 
' ' 
I I 
I I I I 
I I I I 
1\sset Register : l : Yes : . Yes : : Yes : : Yes : : Yes I I Yes : Yes . . 
' 
Sub 1\ssets/1\sset Trees : l . Yes : : Yes : : Yes : ' Yes . : Yes : : Yes : : Yes . . . 
Clarificotion of Units ond 
Modules 
History File : l : Yes : : Yes : : Yes * l : . Yes : : Yes : ; Yes ' : Yes 
' ' 
Ability to Relate Machine I 2 I No I : Yes : 2 : Yes I 2 No I 0 I Yes : 2 : No : 0 : ~0 
' ' 
. . 
' ' ' Perfonnance t-o l;brk Lone 
Optimisation - rJetermine I 2 I No I : Yes I 2 . No : 0 : No : 0 I No I 0 : No : () ; l\'o . 
' 
. . . 
' 
. 
~lost Cost Effective P.M. 
~'requency 
Failure Stat is tics eg MT£3F I 2 I Yes I : No : : Nos : 0 : Yes : 2 I Yes : 2 : No I 0 Yes . 
' 
. . 
' 0 I I 
Trend 1\nalysis/Asset I 2 : No I : Yes : 2 I Yes : 2 : Yes : 2 I Yes : 2 ' Yes . 2 : Yes ' ' ' ' . ' (Fault Anolysis) 
' . 
Analysis of F.guipment I 2 I Yes I I Yes ' 2 : Yes I 2 : Yes : 2 : Yes : 2 : Yes I 2 : Yes . . 
' ' ' ' ' 
f'a i lure by Factory, lMT, 
Depart:Jnent 
I I I I I I I I I I I I 
I I I I I I I I I I 
' 
I I 
Abi l i ty to Add Cutomised I 2 I Yes : : No I : No : 0 : No : 0 : Yes I 2 : No 0 J No 
' ' 
. 
' 
. 
' Fielcls to llistory flrltabases 
I I J I I I I I I I I 
' 
I I I I I I I I I I 
0Jstomised Analysis Reports ' 2 I No I I No I I No I 0 . No I 0 I No I 0 . No J 0 J No I I 
' 
I . 
' 
I . . . . J 
' 
eg Cusum Analysis/Machine 
on Lost Products 
Ability to Differentiate J 2 I Yes I I Yes I 2 I Yes I 2 I No I 0 I Yes : 2 : 1\!o : 0 I Yes . I . . . . . . . . 
' 
BetWBen Tilne Spent on 
Preventive and Corrective 
Maintenance 
Resource Plannin~ 
Logging and Scheduling of ' L I Yes ' I Yes I : Yes ' ' Yes I I Yes ' ' Yes ' : Yes ' I ' . ' ' . ' ' 
,Jobs 
0.Krective 
Planned Maintenance 
0 ~~ ~ o==~~=~===-====~= oo·~-~~o= o= o"---~----~--- -~~~~~=~~~~-r- -----
2ontJ_nued 
-·· 
-
-I 
FFA'f'IJHE 
:~~=~~=~~==-=~=~~~==~~~~~ 
Forec<tSt ir 19 of P I.annefl 
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SUMMI\RY liND PO I NTS SOJRE 
" 1 
There is a 
sketching' 
graphics module 
available which 
is useo for 
entering 
drawing 
moili fications 
on the plant 
history record. 
Not [XlSS ihle to 
i.nt.erfnce to 
COPies. No 
pri.orit i.sation 
of jobs 
U>erefore not 
cons ide red 
f11rther. 
" I : 
Requires DEC 
terminals and 
laser printers 
for hardcopy 
outputs. 
Score 29 
" l : 
There is also a 
document record 
module which 
~Minta ins 
a record of the 
location and 
details of 
drawings, 
instructions 
and 
manufacturer's 
manuals. 
Score : 33 
IW'IE:R 
Score 20 
TEROMI\N 
Significnntly 
more eltpensive 
than other 
pacl<i'lges -
is dependant on 
mnnber of 
modules 
required. 
llpprox ima tel y 
£10,000 per 
module. 
Score 44 
TI:.'MPO 
Score 18 
In':L..'ii"~\! 
1\!ot possihle to 
j nter-·~ace to 
COPieS. No 
:->rior: tisation 
of johs. 
Tnerefore, not 
curls ~Cered 
furU1er. 
With respect to history files and failure statisticsr when further 
clarification of requirements is necessary for more detailed decision 
makingp considP.rA.tion .shouJ.d b2 given to the fX)ints made in Chapter ·;, 
It was disappointing to note that as a general trend many packages do 
not appear to work effectively as integrated systems, Certainly 
packages have areas of strength but overall tend to be weak on the 
optimisation of functions necessary to determine cost effective levels 
of preventive maintenance i,e, relate work done to equipment 
performance and subsequetly act upon the level of work done, 
To provide an objective assessment of the packages against the 
assessment criteria a rating system was devised as follows 
Priority 1 This is a qualifying feature, The package must contain 
this feature or else it is excluded from the selection, 
No points are given for this as it will be common 
to all rated packages, 
Priority 2 This is a highly desirable feature, The package is given 
a score of 2 if this feature is present, 
Priority 3 This is a desirable featureo The package is given a 
score of l if this feature is presento 
The total possible score is 53o 
Following this rating system it is recommended that the following 
packages should be given further consideration against a more detailed 
user specification : 
1) Teroman (Score 44) 0 
2) Idhammar (Score 33) 0 
3) Hoskyns (Score 29) 0 
4) Rapier (Score 20) 0 
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To successfully impJ.ement a system of this natrn:-e (Ref, 4 7) v 
consideration should also be given to the following requirements 
8,3,2 
As previously stated for a system of this nature to operate 
there would have to be a viable factory wide data collection 
system on machine breakdowns, As suchv the factory wide 
implementation of EQUIP (please see Appendix 6)v albeit 
without some of its data analysis functions would satisfy 
this need, Furthermoreu data already stored on the EQUIP 
system could usefully be transferred to the relevant assets 0 
history files therefore reducing the payback period for any 
installed system, 
Implementation Considerations 
Management would have to consider the following factors as 
well as the initial hardware and software costs if this 
type of system is to be implemented : 
l) Implementation Resource : Setting up the system would 
involve a significant amount of clerical resource for 
initial data input, Engineering and computing resource 
would also be required (Ref, 44), 
2) Due to the nature of a planned maintenance system 
a long payback period over which to cover the initial 
cost should be acceptable (Ref, 67 and 69), 
3) CAM Strategy : At the time of writing no official 
information strategy exists, Obviously implementing 
shop floor data collection systems on a 'piecemeal 0 
basis i,e, collecting equipment data but no product or 
processv may not fully support the long term interests 
and objectives of a subsequent CAM strategy, 
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8,3,4 
1) Union Commitment : Craftsmen al Philips Durham are used 
to working in an environment where traditional 
attitudes prevail, To help prevent the dat-a collection 
necessary by the craftsman from being perceived as a 
threatu consultation with the appropriate union bodies 
is necessar.y, 'J'he importance of gaining the craftsmen 
and first line supervisors acceptance of the system 
cannot be over emphasised, 
Resource Avail~Jility for Planned Maintenance 
Resource needs to be available to carry out the planned 
maintenance as detailed by the system, The present closed 
loop scenario of 0We cannot do planned maintenance because 
the men are busy on breakdowns 0 must be broken, 
Possibilities are : 
l) Production operators carry out '1st line 0 maintenance 
activities (previously discussed in Chapter 3), 
2) Availability of mid week maintenance windows 
(previously discussed in Chapter 2), 
Responsibility for System Operation and Maintenance 
As with any other factory systemv responsibility would need 
to be taken for system operation and maintenance as follows 
l) Process control operator : to be responsible for 
accurate and complete data input, 
2) System operator 
necessary, 
to do keyboard clerical tasks as 
3) System manager : to be responsible for operational 
management of system, 
4) System maintenance engineer 
software support, 
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to provide hardware and 
8.3.5 
8.3.6 
Audit 
--
As with other factory systemsu AQAP audits should be carried 
out on the system to detet~ine if the responsibilities, as 
outlined aboveu are being undertaken. 
Performance Indicators 
Performance indicators as to how well the system is being 
operated and maintained may also be important. Especially 
useful may be some measure of input data accuracy. 
Performance indicators are necessary to show the effect of 
the system with respect to some stated factory performance 
figure. Regular feedback of this nature would enhance the 
credibility of the sytem by showing that the system is being 
used and that this is having an effect on performance. 
Suitable performance indicators are therefore further 
discussed in Chapter 9. 
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,Introduction 
Jn or.der to assess the effect..i.veness of a.n implemented chc:mge such as the 
j.ntroduction of an equipment management packager it: j.s necessary to have 
p2rformance measures that relate to the before and after scenarios. 
Performance indicators can be thought of as systematic tools to help foster 
and highlight improvement. 
Before implementing further changes relating to the maintenance functionv 
consideration should be given to the design and establishment of effective 
performance indicators (Ref. 81). 
9.1 Performance Indicators ReguiremeQts 
In generalu a performance indicator (PI) is a variable indicating the 
effectiveness and/or efficiency of a part or whole of a process or 
system against a given normp target or plan. 
As suchr performance indicators can be extremely diverse; almost any 
activity can be measured. When a performance level is set and if the 
measurement of this performance level is quantitative; then this is 
classed as a performance indicator. 
As well as relating to the overall objectives of the function the 
following conditions have to be fulfilled for the use of Pins to be 
meaningful : 
Pins should be well definedu understandable and available 
promptly. The raw data used to calculate a PI should have high 
integrity. 
Pins should be relevant i.e. referring to affairs or parameters 
that are controllable by the function. 
Targets have to be challenging but realistic. 
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The prcsentaUon of PJ c s should b2 accompanied by an j.ndicalor 
of the target to re achieved. 
0SuppUer and customer 0 of a PI should agree on its relevance 
and !Tl8U.ning. Jn this scenariov maintenance Pl 0 S shouJ.d be agreed 
within the Maintenance Department, between Ma).ntenancc and 
Production and between Maintenance und Management as appropriate. 
PI's have a relative character. Often they are specific to a 
unique set of conditions and therefore; in general; comparison 
with other PI 0S has little meaning and should b0 avoided. The 
most sensible compar.ison is with itselfv at earlier instants of 
time. 
When implementing PI 0Sv H is advisable to concentrate on a 
limited number of the most important indicators. 
PI 1s have to be used in combination with each other so as to 
cover all relevant aspects of an activityp product or service. 
Thereforev to make successful usc of perfonnance indicators the 
maintenance function should be appraised with respect to its 
objectives or targets. Furthermorev each of these objectives should 
be prioritised. Parameters should be defined which enable actions to 
be monitored and related back to the overall objectives of the 
function. 
When determining PI 0s for the maintenance function three broad 
categories should be considered : 
l) overall department performance. 
2) Plant condition. 
3) The use of any computer based maintenance system. 
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AFl stat·ed abovcc 1?1 's shouJd b2 r.<=J.ated to the overall 
objectives of: the funcdon and the companyv ther.eforev some 
consideration of these objectives with likely PI's vvUJ. nmv 
bG giveno 
For Durham the practical reality of the production 
maintenance system is that production dominatesv the 
maintenance objective often being established as shown in 
Figure 9, L 
Figure 9 o l The Production Maintenance System 
l CPD l 
I 
I 
l Product Demand 
l (Short Term=Variable) 
w 
Production Department 
I capacity & Production 
<= Influencing 
Resource Levels =~~-=-====> 
safety Factors =============> 
Cost Factors ====~=========> 
Plant Factors =======~-~~=-=> 
Information Available =~ ===> 
for D8cision Making 
I 
Production Plan 
Long Term 
Short Term 
Factors 
Plant Production Pattern 
and Availability Requirements 
Maintenance Objective : 
To Provide this at Minimum 
Resource Cost 
Maintenance Plan 
Maintenance 
Department ~ Long Term 
~ Short Term 
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~L'hc mainlencmcc objcctlve in th:i.s case can therefore be 
defined as ~to provide production with the long and short 
term plant avaiJ.abiHty requirements for. the planned 
product:i.onsv at minimum direct and indirect costs. 
At the top Jevclv the dj.recli.on of the maintenance funclion 
should be related to the overall Hnanc.i.al performance of 
the plant. 
Maintenance affects a Company 0 s financial performance in a 
number of waysv the most important of which are 
a) The relationship with availability; this is the major 
indirect cost of maintenance. 
b) The cost of maintenance resources, this is the direct 
cost of maintenance. 
c) Its relationship with the useful life of the plant, 
the longer the plant lifep the greater is the life 
cycle profitability. 
In generalv the greater the level of maintenance resources 
(higher direct cost) the lower the level of unavailability 
(lower direct cost) and the longer the useful life of the 
plant. Thusv in most industrial situations the proper 
maintenance objective should be to minimise the sum of the 
direct and indirect costsp taking into considertion the long 
term effect of any maintenance decision. Ideallyp 
performance indicators relating to overall department 
performance should reflect this relationship. 
As previously discussedv the maintenance plan should 
consist of a schedule of preventive maintenance work and 
guidelines for the implementation of corrective maintenance 
work. OVerallv it should ensure that the maintenance 
r~sources are directed so as to minimise the cost of 
maintenance whilst achieving the planned output. 
Departmental performance measures should therefore give some 
indication of this relationship. 
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The standard model of cost optimisation showing the 
balance hetween prevenUve and corrective maintenance 
costs has been interpreted for Philips ourham and is 
shmvn j_n Fj.gure 9,/., 
As previously statedv with respect to this model a 
major dlfHculty is fixing the level and type of 
preventive maintenance balanced against the cost of 
corrective maintenance and machine availability, 
cost 
In 
Millions/ 
Year 
3 
Relati9A~htP Between Prevep~i~~ 
Maintenance and Total Maintenance Cost 
for Whole Factor~ 
Optimum Level 
of Preventive 
Maintenance 
2 Preventive 
Maintenance 
Cost 
1 
t 
I 
Corrective 
Maintenance 
Level of Preventive Maintenance 
It will be demonstrated that for Philips Durham there 
is a high cost for plant unavailability ~ this is 
normal in a high capital plant, As an indication of 
overall control of the plant by the Maintenance 
Departmentu it would be reasonable to expect a 
relatively high level of preventive maintenance thus 
preventing high cost outages, 
Table 9,1 gives and indication of the average amount 
of time spent on each category of work across trades. 
The data represents midweek activity, sampled across 
three shifts, for a total sample size of 6 weeks. 
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T.'able 9, J. i\pprox:lr~~le __ Perc~n~~q~-or Wor_kl~<L'l)pg_.s_ 
p_y_ Tr ac;l(}_ 
Trade Insp2cLCon : Corrective Corrective : Mise 
Maintenance : fiJcJ.Jntenance Mainten<mce : 
/ Line Do~rm Line Not : 
I I : I Down : I 
/ '·: :: :: :: ''''"""''''~:~::...;~:~::-:: ''""":-::-::::::-o:-c:::: ::~: :: :: :: :: ;; ;=::-::: :::=::=:::-:::::::..:=:=::c:": ::;; :: :::: ::-:=::c::":;::-:;_; / 
: Mech 0 1 : 8 4 67 : lJ. l 
I I I •" ""' '' " "~-.,·~· "'~· -· .. -.~.,~· ""~~~··~·~~~. ·~·,· .. ,.-.~··~· .... ·~· ,.,. "-"" .. " ..... '"""~~I 
: E l ec 0 1 : 6 l l 0 : 7 4 : 10 : 
: ~~==·~~,~=··=~=~~~~~· ·~· .... >< -~~ .. ~-,~··~·~~~~~~~-~~-=~.,~.,~~··~~~·,. >< --: 
l Tcch 0 l / 7 / 56 / 28 / 9 l 
=:..::============~:~~ ;.:. :~: -:=======:..:==~~: :~::-:======:-:":=-:====:..;: :: ~=-=:...::======== 
Data gathered for weekend work indicates a slightly 
higher percentage of inspection maintenance = 
approximately 15%, 
The low inspection maintenance and high corrective 
maintenance figures from this table would indicate 
that the Maintenance Department has little control 
over plant activity, With respect to Figure 9,2v we 
are overall currently operating to the left of 
position x, 
A further conclusion from this data is that although 
much of the work for the mechanical and electrical 
trades is of a corrective naturev much of it can be 
deferred and the process equipment restarted, This 
does not appear to be so for electronic and software 
problems requiring the attention of the technicians, 
This is therefore a key area in which preventive 
actions should be taken (Ref, 70), 
This balance between preventive and corrective 
workload is a valuable indicator of overall 
maintenance performance, Data to generate an 
indicator of this nature is relatively easy to collate 
by Shift Engineers, 
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U) nott.lcncck i\r.ca. 
Although data on direct costs is relatively easy to 
obtainv accurate data on i.ndircct costs is less 
readUy <.lVaUabJ.eo The most. sj.gnHkanL problem '..Ji.th 
n~sp2c:t. t:o obt:c:;d.ni.ng this informaU.on .i.s the lack of 
<Accurate downtime inforrnaU.on i.n bottleneck product.i.on 
areas where 'EQUJP' has not be0n instaJ.J.ed, Other 
infor.rnaUon required Leo bottleneck defini.tionv 
throughput rates and financial data is more readily 
availableo 
Although downtime is difficult to obtain at presentv 
this situation should be rectified so as to make PI 0s 
of this nature possibleo Including the indirect costs 
of maintenance to the organisation has a major 
implication on the maintenance decision making processo 
The following calculations are valid only for the 
bottleneck area for each of the tube typeso At Durham 
the factory bottleneck is likely to be in one of three 
or four critical process areas, As PI's are used to 
monitor performance over timev separate details for 
each of these areas should be produced, 
Cost Calculations 
Bottleneck Area APM/AMH 
Direct cost The average monthly maintenance cost 
for this area is £20p000o This figure 
was obtained from the maintenance 
budgeto 
Of this approximately 80~ is corrective 
maintenance and 20% is preventive 
maintenance, 
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Indj.r.oct cost-. 
NB The following calculation i.s intended only to 
produce a ba.l.lpark flgure for machine 
unava.U<iliiUty costs, 
Assumj.ng ~ 
i) £13 recovery of fixed and semi fixed 
overheads for each FS tube produced, 
ii) £16 recovery of fixed and semi fixed overheads 
for each CMT tube produced 
iii) The Hne is fully loaded 
Indirect Cost of Maintenance (ioeo Lost Output) ~ 
Downtime of Bottleneck x Throughput x Lost Recovery of 
Overheads 
The downtime of equipment is estimated using data from the 
equipment performance summary sheets and modifying with 
respect to the number of process positions (APM = 4 cabinetsv 
AMH ~ 5 cabinets) 
APM FS D1 time I Month Avge No of Hrs (Jan=July 89) 
"' 
23 
23 X 240 X 13 
£71 v 760 
AMH FS D0 time I Month Avge No of Hrs (Jan=July 89) :=: 39 
39 X 196 X 13 
£99v 372 
AMH CMT D0 time I Month Avge No of Hrs (Jan=July 89) = 39 
39 X 62 X 16 
£38v 688 
Total ~ £209v820 
Thereforev approximately £200v000 of production loss per 
month is sustainGd through equipment breakdown, 
-1:. 4·· 
rro swnma.risc 
Estimate-d costs for. AJ?M/AMH when j t is the factory 
bottleneck area 
Mi.d.nlencmce JJj.r.ect Cost 
Maj_nten<:mcx; n:i.rc;ct: Cost 
Maintenance Indirect Cost 
Total Maintenance Cost 
Br2i~l<down 
:PrcvcnU.ve 
fl6v000 
t4v000 
£~00v000 
Figure 9o3 (a) shows a possible graphical representation of 
this datao 
Figure 9o3 (b) implies that the total cost of maintenance 
could be greatly reduced by radically increasing the amount 
of preventive maintenanceo 
From Figures 9o3 (a) and 9o3 (b) it can be seen that the 
optimum level of preventive maintenance changes greatly when 
indirect costs are taken into considerationo 
Therefore to give an indication of how the maintenance 
function is affecting the overall plant operationv the level 
and type of maintenance activity in relevant bottleneck 
areas could be reported as in Figures 9o3 (a) and 9o3 (b)o 
Obviously when generating the individual graphs some 
interpolation as to their precise loci is requiredo 
Howeverv the value of graphs of this nature is that they 
illustrate the significance of the maintenance activity 
within the bottleneck department and relate this to overall 
factory performanceo 
fj.qur;:_c~_9, J j_<ll _: :1r:(?fl_ont. :vJ<).i.llL.Ciklilcc Cwi~~LEOL' _A.tvnljl\J~li :;:.j)i.\r:t'~I\Gnl'. ·,;l\(?11 
.3ot:t:.toncck i\rcq 
Mi2int 
cost/ 
Month 
220o000 " 
200(7000 <> 
J.no~ooo c> 
HiOvOOO ~ 
HOvOOO <' 
l20v00Q <' 
lOOvOOO " 
80v000 
60v000 = 
~OvOOO = 
20v000 = = = ~~ E;(}{;''-{lecdve M81ili'il~eiil31Ji'ilC~ Co$G 
====~= . .:~~==== ~~JiY§=M31nliil~eiil3lliilC~ Cos.Cl 
Level of Pr€V@fttiv® ~inten@fiC@ 
~~~iq~u;;;;;;r~~~9~. 3~(=b'"'--) ~_;I;;.:;;d=e=al;:;.;l~· s"="€d~_ ==B~-u~oo Maintenooce Cost~ for Mlli/~B 
~oor~nt when Bottlen~k AI:ea 
220~000 = 
200~000 = 
180~000 = 
160~000 = 
Total~ Cost 
1130 0 000 = 
li¢Jo000 = 
fo%lift~ 
CO~t/ 1000 000 
M©ftth 
80 0 000 = Preve!1l~ive MairHern3lnce Cos€ 
60v000 = 
~o~ooo 
20o000 = I!lldinJJec~ Cos~ 
~~=====4 onecaive M!3liru€enall1lce Cos~ 
Direct Cost Inde~ 
A further standard indicator which may be of interest with 
resp<?ct to mon.i.toring overall department performance is the 
IJ:i.r.cc\: Cost: Inde~~, 
Nrecl: Maj.ntenance Costs 
Direct Cost rndex 
Rep 0ment Value of Maintainable Assets 
Al1 the above indicators may rn? calculated for the 
maintenance activity as a whole or broken down via tradev 
machine group or Production Department, 
As well as determining PI 0s to monitor the overall effectiveness of 
the Maintenance Department a more detailed assessment of machine 
performance is also necessary, 
Consideration of the resolution of plant data required should be given 
when determining the PI 0 S, 
Comparison of machine performance across similar pieces of plant would 
be useful to determine if any individual machine is showing any large 
deviation from the mean, Howeverp care should be taken in grouping 
items together that they are of similar functionalityv comparable agev 
equivalent level of use etc, 
Potential PI 0S are 
Planned Capacity = Total Downtime 
a) Asset Availability ~ ===============================~ 
Planned Capacity 
b) Total Downtime = Breakdown Hours + Lost Production Hours 
Hours of Downtime 
Total Downtime % X 100 
Planned Capacity 
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Br.c:akdown Hours 
c) Breakdown % X 100 
Planned Capacity 
Planned Capacity ~ Total Downtime 
d) Utilisation % 
Planned Capacity 
e) Mean Time Between Failure (MTBF) = 
Total Running Time 
No of Breakdowns 
Planned Capacity ~ Breakdown Hours 
No of Breakdowns 
1 
f) Failure Rate = -~~~~~~~~------~~=--=--== 
Mean Time Between Failure 
X 100 
MTBF and failure rate figures are not readily available for equipment 
at Philips Componentso 
9o4 Computer System Effectiveness 
The overall business effectiveness of any installed computer system 
would intrinsically be linked to the performance indicators detailed 
above a 
Howeverv audits of any installed system would be necessary to ensure 
that the system was being used and managed effectively. Specific 
areas of interest may be : 
a) Integrity of data being input to systemo 
b) Validity of reports automatically produced. 
c) Backup and system security. 
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Intense competitive pressure and greater factory automation is 
bringing renewed impetus to comprehensively re< ·organise and 
formalise the maintenance processo Due to the capital 
intensive nature of its plantv an effective maintenance 
strategy is highly desirable for Philips Components Durhamo 
2) JIT and Equipment Reliability 
The JIT manufacturing philosophy is dependent upon an effective 
maintenance operation with guaranteed reliability of planto 
The level of equipment/breakdowns and high percentage of 
corrective maintenance at Philips Components Durham is at 
present an obstacle to JIT productiono Therefore to move 
towards JIT production from the present position would require 
improved preventive maintenance resulting in greater equipment 
reliabilityo 
3) capacity and Maintenance Planning 
Unavailability cost is the dominant factor in the design of a 
maintenance organisationo Consideration should therefore be 
given to factory capacity when determining maintenance policyo 
Each producton department should not be viewed in isolation; 
instead consideration must be given to the plant as a whole 
when determining the individual strategy for a departmento It 
is likely to be both uneconomic and non viable to attempt to 
achieve an equivalent breakdown target eogo 5% in all 
departmentso Instead targets should be set with relative 
departmental capacities in mindo 
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4) .f!l~intc~n~mce Resources. 
Al Philips Componentsv to increase the level of preventive 
maintenance further resource::; must be identified to carry out 
the work, 
If equipment reliability could be guaranteed il would then be 
possible to implement midweek maintenance windows on non 
bottleneck areas, 
6) Software and Electronics - Preventive Maintenance 
Although much of the work of the mechanical and electrical 
trades is of a corrective naturev much of it can be deferred 
and the line brought back up, This is not so for work carried 
out by the technicians - the line tends to be down until the 
fault is dealt with, This equipment category should therefore 
be given extra consideration with respect to preventive 
techniques such as design out maintenance, 
7) work Planning and Control Systems 
i) To improve the effectiveness of preventive maintenance 
procedures an improved work planning and control system 
is required, 
ii) There are many equipment management systems on the 
market, We would require an integrated system to be used 
for plant monitoring and optimised resource planning with 
interfaces to our budgetary control system and also 
COPICS. 
iii) Evidence from industrial visits indicates that such a 
system is only viable in an appropriate environment. At 
. Nissanv there is a 1 progressiveu organisation with 
flexibile working practices. This has led to the 
installed system being used as an effective tool in 
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8) EQUIP 
controlling the maj_ntenance function, At Philips 
Hami1tonu there was a 0 traditional" organisation with 
inflexible working practices, Hereu the system was not 
being used as an effective tool and han even compounded 
an industrial relations situation, 
This would indicate that following the recent 
organistional changes 0 the environment at Phihps Durham 
is now more suited to a system of this nature, This 
would therefore be a suitable opportunity to formally 
review the feasibility of such a system for Durham, 
As a pilot project the development and implementation of the 
EQUIP system has been successful with respect to the following 
points 
i) It provides more accurate and detailed information on 
causes of lost utilisation than was previously 
available, Analysis of EQUIP data indicates that it also 
provides a record of machine faults which are corrected 
by productionv sometimes up to 90% of incidents, 
These would otherwise not be drawn to the attention of 
the maintenance department, 
ii) Perhaps most importantly, as a pilot project EQUIP has 
clearly highlighted the management issues which must be 
addressed if considering the implementaton of an 
equipment management system. Greater benefits could be 
gained from the present EQUIP systems if these issues 
were resolved. 
iii) The system has been of some use in improving the 
availability of equipment in the area, 
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iv) Technical issues raised by EQUIP will serve as a useful 
input to a user specification for a total maintenance 
management system. Specific areas highlighted to date 
are optimisation of lhe planning and feedback functionsf 
statistical techniques and interfacing requirements. 
9) Statistical Techniques 
Mathematic models can be usefully employed in describing 
failure patterns. Analysis of failure data can give insights 
into the cause of failure and can be used to help determine the 
most appropriate maintenance strategy. Experience gained from 
the EQUIP project would indicate thatf to carry out statistical 
analysis of this natureu the following issues must be 
considered : 
i) 
ii) 
Item Definition, To facilitate analysis of the mode of 
failure; machinery needs to be categorised down to 
replaceable parts. 
Diagnostic Training for Production Personnel. Training 
in diagnostic techniques for data input personnel would 
be necessary to ensure that causes not symptoms are being 
accurately diagnosed and recorded correctly. 
10) FactorYWide EQUIP 
The benefits of implementing EQUIP on a factory wide basis 
should be assessed with respect to the following areas 
i) Factorywide EQUIPf possibly without some of its 
analysis functionalityu would be a suitable precursor to 
the successful implementation of an equipment management 
package. Irrespective of the package selected; accurate 
shop floor data would be required. 
ii) A factorywide system would also be very appropriate as a 
data collection system for a capacity analysis package 
e.g. CBIS. A possible systems configuration is given in 
Figure 10. L 
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11) ~~tern Selection 
With reference to technical constraints any further system 
development should not be done on a PC based system. Due to 
the cost of mainframe operations a mini based hardware 
solution for a equipment managemant package is likely to be 
most economic. 
12) Performance Indicators 
Performance indicators relating departmental performance to 
overall factory objectives or detailing individual machine 
performance are not in place. 
13) Acceptance Testing 
To provide quality reference 1 benchmarks 1 and thus improve the 
validity of inspection maintenance routinesv acceptance testing 
should be carried out where appropriate. As major equipment 
from Eindhoven is often delivered in stagesv a system of this 
nature would also highlight any toolsu drawingsu test equipment 
or training required in order to effectively maintain the 
equipment. 
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10.?. Recommendations 
. - --- ------
l) .!11Ja_~nteJ1ance Strat~ 
A formally published maintenance strategy would be a useful 
document for maintenance personneL 
A maintenance policy with greater emphasis on preventive 
maintenance should be formally initiated. 
3) capacity and Maintenanc~lanning 
Factory capacity implications should be taken into account when 
setting departmental equipment performance targets. 
Efforts to achieve a viable preventive maintenance operation 
should be intensified in bottleneck areas. In capacity 
critical areas techniques such as design out maintenance and 
condition monitoring should be considered further. 
4) Maintenance Resources 
Production personnel are a major untapped resource with respect 
to equipment maintenance. Due to their job function they are 
in a position to be closely aware of the performance of the 
equipment they operate. As such they are ideally suited to 
become more formally involved in plant maintenance. 
Furthermore; it would be unrealistic not to involve production 
in maintenance activities - the maintenance department does not 
have the resources to carry out maintenance routines to the 
necessary level of detail. 
Following the recent re-organisation; under the guidance of the 
Area Maintenance Engineer; production operators could be 
trained to : 
-134-
i) Carry out lst line inspection maintenance on the 
production equipment they operate (and are possibly 
responsible for) . There are many examples of such 
procedures operating successfullyv the apparent key bejng 
that the system is carried out in a formal manner. 
ii) Carry out lst line breakdown maintenance. Essentially to 
ensure production personnel who deal with some incidents 
of equipment failure are adequately trained to do so and 
effectively report on the situation. 
The above suggestions are essentially based on the Total 
Preventive Maintenance philosophy which possibly could be 
further pursued at Durham under the multi~functional worker 
project. As well as proving job enlargement for production 
personnel the above suggestions would also improve their 
diagnostic skills and thus the quality of preventive and 
breakdown maintenance data being recorded. 
This type of operation would tend to naturally lead to the 
formation of multidisciplinary work teams which in turn would 
serve to reduce the conflict that presently exists between 
production and maintenance. 
Furthermore, some skilled craft resource would then become 
availablev facilitating further moves to improve the quality of 
preventive maintenance service to the plant. 
The possible problem of inappropriate Skill profiles of 
craftsmen within the departments could be resolved by 
multiskilling. The trend towards greater automation will 
further increase Durhams need for highly skilled technicians. 
The retraining of mechanical trades to achieve the necessary 
standard of electronic and software skills is likely to be 
themost common requirement but due to the different technical 
environment this will not easy to achieve. This course of 
action should therefore only be embarked upon if the above 
recommendations do not satisfy our resource requirements. If 
there is a decision to move towards multiskilled craftsmen this 
should be handled with diplomacy by management and the 
appropriate unions consulted as early as possible. 
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A further n~thod of increasing the quality of maintenance 
service with the present level of resourre wouJ.d be the 
creation of mid<~eek maintenance windows on areas wjth excess 
capacity. This would also support JIT and OPT philosophies. 
This is essentially a two stage: process 
i) Machine reliability in areas with excess capacily needs 
to be guaranteed to a set level, 
ii) The excess capacity can then be utilised for maintenance 
purposes. Stoppages should be planned so as to minimise 
the effect on production and with consideraton of the 
maintenance tasks which must be carried out. 
obviously, the use of an accurate capacity model would be 
necessary when making these decisions. 
Ei) Software and Electronics ~ Preventive Maintenance 
A high percentage of lengthy breakdowns in the factory are the 
result of software problems on process equipment. These 
problems are not quickly resolved because often the software 
has not been designed with consideration of maintenance 
requirements. The new standard IEC848, proposing modular 
software designu should be actively supported by Philips Durham, 
This issue again highlights the need for highly skilled 
technicians. In areas of high complexity, the use of 
diagnostic expert systems may facilitate speedier problem 
correction. 
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A fea.si.biHt-.y study should be formally carried out on the 
technical and economic viability of an equipment management 
system. Part of the terms of reference of this study should b2 
to further investigate the viability of dependent requirements 
on maintenance stores items. 
The technical issues raised by EQUIP should be incorporated 
into this study. 
8) EQUIP 
The management issues raised by EQUIP should be resolved so as 
to realise further benefits in the areas in which it is already 
implemented. 
If a decision is made to proceed with the purchase of an 
equipment management system then these mangement issues should 
be considered in any implementaton plan. 
9) Statistical Techniques 
Further experience of statistical techniques would be useful 
for maintenance personnel. 
The application of modular design concepts and the use of 
common components in process equipment would enhance the 
viability of using statistical techniques. 
10) Factorywide EQUIP 
EQUIP should not be further expanded into the factory until a 
decision is reached on the possible implementation of an 
equipment management package. 
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If there is a decision to proceed with the implementation of 
such a package then the functionality of EQUIP should be 
reviewed wih reference to its use as a shop floor data 
collection system with some simple analysis capabilities but 
essentially serving as a 1 front end 1 to an equipment management 
and capacity planning systemo Consideration at this stage 
should also be given to the Product Identification project, 
11) ~m Selection 
On site at Philips Durham there are Microvax systems running 
under VMS with capacity for a system of this natureo It is 
therefore recommended that a preferred solution would be to 
select a software package suited to this environmento 
It is also recommended that a systematic selection procedure 
be used to assess packages against a user specificationo 
12) Performance Indicators 
Should be reviewed and new indicators implemented as 
appropriate, 
13) Acceptance Testing 
Should be implemented as appropriateo 
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APPENDIX 1 
00 Ph ·1· E . Bl f 00 1 tps armngs ow a use 
THE REVELATION yesterday 
of a 19 per cent drop 1n Phil· 
ips's profits for 1987 capped 
what has, by any standards, 
been a sombre yenr for the 
'?utch electromcs group. 
~ot only was its return on 
~ales lower than at any time 
during the 1980s, but key ele-
ments of overall policy ran into 
the sand. 
Mr Cor van der Klugt, presi· 
dent. has fashioned a strategy 
based on a clear division 
betw~n the group's core busi· 
nesses - consumer electronics, 
information technology, elec· 
tronic components and lighting 
- and its more ~ripheral activ· 
ities. such as large domestic 
appliances and medical equip-
ment. 
While Philips will retain full 
control of the core. it is ~king 
li'lhl~ ~onllm[9)§~ ~[ 
~mn!k§ w~!i'~ Mmlliiil~tdl 
lb>y alffi~ W!Oil!lj9) OIID m 
~~dnrrunrru~ tdl<!l>Hllmir 
Philips blamed the collapse of 
its joint-venture talks on the 
bete noir which loomed over ~I 
its results - the decline of the 
dollar. Its fall meant that both 
partners had to renegotiate the 
value of what they were bring· 
ing to the table and. in the end, 
Philips was not prepared to pay 
the pnce demanded. 
The dollar also played more 
general havoc wnh Ph11ips. 
wh1ch has 40 per cent of its 
sales but only 25 per cent of its 
costs in dollar-linked countries. 
Stripping out currency factom, 
Ph11ips actually managed a 7 
per cent increase m sales vol· 
ume last year. 
The company has shown 
some hesitation over how to 
respond to these currency· nuc· 
tuations. 
Ideally, ~r Van der Klugt 
joked, Philips would have fac· 
tones on su~rtanlcers steaming 
around the world to whichever 
country offered the lowest 
costs at a given ume. 
In the real world, as th12 Phil· 
ips president wryly ackno~.l· 
edged, factories take longer to. 
sh1ft, though he gave a clear 
lint venrures in its ~ripherl'll signal that Philips would site 
~I..!Sin~ to ~ure.Cor tham a -more -plants in low-cost- dollnr 
world pre~nce. areas, such ms Menico. 
Yesterday, Mr VM der IUuflt Yet the dollar is only one of 
reaffirmed that vision. ·WQ the multitudGl of problems 
cannot achievQ th~ hil'!h idGl· crowdin~ in on thQ Datch multi· 
als for all our ciivisiooo alone, q national. 
he sa1d. · Many of these were recog. 
But last year sat:r drl'lmatic ni~d durmg the mid-1980s but 
setbac!ts for !IOMQ of Philips's restructunng efforts then 
most important attempto to failed to 1mprove profitability. 
find partner>~ fOil its p:aripheral They inc:lud12: . . . , 
acuvttiesJ. oovermnnn1n(l: Phthps s 
Talltsl aimG!d at spinninll on sprawling emp1re, marked by 
its Iorge domestic appliance hundreds or factones estab· 
o~ratlons into n joint venture lished in the days lw!fore mar· 
with Whirlpool of the US col· kets became so international 
Ia~. os did ne~otiations with Md by a stifiing bureaucr2lC)' 
~nercl Electric of too UK over symtroli!fl! by the massed num· 
a partneli'Shir;l iK1 mG!diccl equi!> bers or t:~orlters in its Ein· 
ment. dhoven headquarter>~, h~ long 
A& thl<! soml<! time, Phillps'g ~med ri~ for rationalisation. 
rolG in its public seritchin!l alii· Mr Van der Klugt announced 
MCe ~ith AmGiicoo Telephone yesterday stem measures. wHh 
~ ieiG~ph woo downgrmdl!d, up to 20.000 jobs facing the !lliQ 
followinrJ n failure to breol:t into over the nel!t yeor or so. T~y 
EuroP2an marl:tets as quickly M w11l mainly ~ in support rune· 
AT~i hnd anticipated. uons, though Philips is also ~t· 
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ting out to reduce further the 
num~r or its foctones, follow-
ing consolidation in recent 
years. 
o~arketin~: t:~hiiQ Philips is 
noted for the technical excel· 
lence or many of its consumer 
products, doubts linger about 
the s~d with which goods get 
to the market which, under the 
name in the US, no~ thnt ~ hoo 
bought out the minority 51h!lfG!o 
holdem of its North Americ.n&il 
subsidiary. . 
The company is plmmin(l 
some restructurin(:l of ita busi· 
n~ in North Americo, ohich 
lest yeor generated proflw oil 
just Fl Him (139-<lim} Oft Sllll<ru 
of Fl 11.89bn. 
Philipa 9W9 thG US oo o cru-
cial m!'lrltet thoe mooa ~ fully 
nploited if it w to SJU~ oo o 
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At the design stage, reliability and maintainability are linportant and must 
be considered in relation to equiprnBnt pm-fonnance, capital cost and 
running cost. Traditionally, emphasis has bBen put on psrformance and an 
capital cost, at the expense of reliability and maintainability. 
Obviously, if a piece of equipment has inherent design flaws with re~ 
to reliability, there is little in maintenance terms the end user can do to 
improve the perfonnance of such equipment. Improv~nts will only be 
achieved through modifications to the original design ~ 'design out 
maintenance' . This, however, can be a costly and protracted process. 
Consideration should also ba given to the typs of production process the 
equiprnBnt is to be used in. For example, if the equipment is to be used in 
a continuous rather than a batch process, design criteria should encompass 
the much higher maintenance costs that inevitably occur. 
Quality control procedures during equipment manufacture can have a strong 
influence on the sUbsequent level of maintenance during the operational 
phase. 
Clearly, the best tbne to influence maintenance and unavailability costs is 
bafore the plant comas into use. It is therefore essential that systems 
and proca:lure~ are devised which will ensure that plant, when handed over 
to production, will not only paz-form its function but can also be serviced 
by the maintenance departlrent in an efficient manner. To facilitate this 
the following points should be noted ~ 
1) Plant production and maintenance personnel should liaise with the 
designer ~ manufacturer ~ installer to give a full analysis of its 
relaibility, maintainability and safety characteristics. Such a 
'plant procurement' exercise should include assessment of spare part 
provisioning, of maintenance personnel training and supplier support 
systemB. The higher the potential costs of maintenance and 
unavailability the more vital is this exercise. 
2) Decisions to buy new or replacement equipmant should bs based on a 
present value life cycle analysis of coats. Such an analysis must 
take into account bath maintenance and unavailability costs. 
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3) Plant personnel and the supplier should co~·operate in the collection 
and analysis of plant failure and maintenance data in order to 
identify problem areas. In certan circumstances such data could also 
be fed back to a centrctl database to be shared on an .inter .. corrpany 
basis. 
The difficulties of these operations continue to pose a major obstacle to 
the successful implementation of a terotechnological approach; 
communication systems can be expensive and different organisations, with 
different obejctives, are involved during the equipment life cycle. 
Product, process and equipment design is carried out for Philips Durham by 
a central organisation at Philips Eindhoven. Within tube assembly plants 
there is evidence of insufficient integration between product, equipment 
and process development at Eindhoven. In general, in the factory it is 
thought that 'design for maintenance' requirements are not given sufficient 
consideration, although this type of expertise is often available in the 
assembly plant. Overall, Eindhoven designs tend to be complex. There 
appears to be philosophy of designing from first principles whiCh results 
in even standard equipment eg conveyors, having little rrodularity, low 
reliability, high costs and poor delivery performance. This has resulted 
in a move towards the purchase of non strategic plant equipment from third 
party suppliers. 
Examples Where Eindhoven design has not accammodated maintenance 
requirements are : 
1) Difficult access to replacable parts - cone p::>ur neck wash machines •. 
The belt drive for this machine is not in an accessible position and 
therefore the maChine must be dismantled to replace it. 
2) Process control software. This is an area of particular concern as 
failure can result in a line remaning down until the problem is 
resolved. AMH and CMT plc software was written by specialist 
experts. The difficulty for Durham is to provide sufficient technical 
expertise to ensure comprehensive cover of what are often large and 
complex programs. This problem is now being addressed and agreement 
up::>n a modular software standard IEC848 will hopefully be made by the 
design and production organisations. 
Acceptance Testing 
At the installation stage, maintainability issues are highlighted and it is 
only then that the multi dimensional nature of many of the maintenance 
problems become clear. The carrrnissioning stage is not only a period of 
technical performance testing but also a learning period where primary 
design faults that might affect equipment availability can be located and 
designed out. At this stage an important, but sometimes overlooked, 
preventive maintenance practise can be carried out - acceptance testing. A 
major purpose of this test is to provide a quality reference or 1 benchmark' 
for subsequent preventive maintenance tests. Future carrparison of test 
data with this initial information can help in the detection of sudden or 
long term deterioration trends before equipment failure occurs. 
Furthernore, a procedure of this nature VJOuld also highlight any tools, 
drawings, test equipment or training required in order to effectively 
maintain the equipment. 
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APPENDIX 3 : OJNDITION MONITORING 
When determining the maintenance strategy for a particular asset and 
considering the implementation of a condition based monitoring tech~ique, 
five cur1di'cions should be satisfied ~ 
1) The existence of failures INhich do not ocarr at regular intervals. 
2) These failures are either a safety hazard or incur significant costs 
in lost production, breakdown maintenance labour and materials, 
3) A monitoring method exists that can give sufficient advance warning of 
an impending failure for the maintenance/production system to act to 
avoid failure. 
4) The monitoring and corrective maintenance costs are less then the lost 
production and breakdown maintenance. 
5) The monitoring method is compatible with existing company procedures, 
workforce attitudes and expertise. 
This fifth condition can lead to the specification of a condition 
monitoring technique 
i) Simple to use. 
ii) Relative insensitivity to sensor location. 
iii) Insensitivity to the load condition of the machine. 
iv) Robust equipment to withstand an industrial environment. 
v) Intrinsically safe both in technical tenns and manner of use. 
Unfortunately it is likely that few techniques would meet all these 
specifications for a given situation. Care should therefore be taken with 
the selection of a technique to ensure that problems associated with the 
technique are not such that the technique becomes non viable. 
Techniques and their Applications 
The major causes of plant deterioration are 
1) Wear at the interfaces betweens parts with relative motion. 
2) Deformation or crack growth due to over stressing. 
3) Overheating due to overload, loss of lubricant or coolant, or failure 
of insulation. 
4) Corrosion or erosion. 
5) Electrical. 
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These can b8 rronitored by five main groups of monitoring techniques as 
shown in Table A.3.1. 
Figure A. 3.1 g ~irnPle Mon_i torinq __'Ie~hrligues 
c___..:o--=-----=-----~----'-'----~~------ -""--------'---· --- --
Cause of Deterioration I Monitored Parameter Simple Techniques ~~~~~ ~ ~--- ~~~~---=- ~~~~-~-- = =- ~ --~-=~~~"" ~ ~" .. "'" ~~f~"~"~'" "~~~ "" ".,_,""- ~ ~~ ~ "~ ~ ~'->' ~"""""" C=>'"'-' "<.J ""=~"""'~"""" .... ~ ~ '-3"-.J ~'=-'"D..,. t. """~~= ~"""'~ ~"=~~ <c>-.::o "=' '-' ...._.~ ""'"""'~~~~~ ~ "="'""'"' .................. ......,......., _,'"="'-=-=· .... ·~ ~....,. _,. ... - "-" ..._ ......... ~ ., ..._, 
Wear between Moving 
Parts 
De format ion or Crack 
Growth due to 
Overload 
OVerheating 
Corrosion, Erosion 
Electric Motors 
1) Wear 
Material Content in 
the Lubricant 
Vibrations Indicating 
Damage in Moving 
Parts 
Terrperature 
Dimensional Checks 
Leakage Flux 
Magnetic Plugs, Filters 
Stethoscope, Shock 
Pulse, Tbtal Vibration 
Adhesive Temperature 
Indicators, Paints, 
Crayons, Hand 
Thenno:meters, Bulb and 
Bi.rnstallic Th~ter 
Tell-tale Holes 
Sensor Coil with 
Portable Plug In Meter 
Damage at the interface between parts with relative movement can 
usually be detected from the condition of the lubricant. Here the 
basic technqiue is to examine the condition of debris in the 
lubricant. The size, shape and general appearance of the longer 
particles indicate the type of wear that is occurring. Although 
relatively simple to implement, this technqiue can be developed to 
provid~ detailed diagnostic information. 
2) Daformation 
Vibration analysis is a group of techniques that offer the widest 
potential for fault detection and diagnosis, but are limited by the 
complexity of most monitoring equipment. 
Stethoscopes or rods may be used to transrrdt the sound of vibrations 
to the ear, but in use are limited to qualitative assessments of the 
characteristics of the vibrations. Commonly found are pennanently 
located total signal vibration velocity instruments Which may contain 
a preset alann but unfortunately no pennanent recording of data. 
Vibration monitoring using a portable total vibration velocity meter 
requires an understanding of vibration and instrumentation not 
normally found in the maintenance work force. One form of vibration 
measurement Which masts most of the specification requirements is the 
Shock Pulse Measurement technique for monitoring rolling element 
bearings. 
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3 ) ?Yerheat_i!13_ 
Malfunctions that can oo detected from changes in the temperature at 
tho nearest surface, include : 
Motor overload or electrical fault. 
Damaged electrical components, switchgear etc. 
Bearings with poor lubrication, damage, overload, misalignment. 
Transmission components with poor lubrication, overload or 
incorrect assembly. 
A stmple and effective technique, satisfying many of the monitoring 
technqiue requirements, is to use temperature indicating labels, 
crayons or paints. An alternative technqiue, requiring more careful 
operation, is the handheld thermometer using a thermistor or 
thermocouple sensor. In situations Where high temperatures exist 
infra~red radiation meters can be used by unskilled inspectors to 
locate hot or cold spots. Similar instruments, but p:Jrtable and able 
to read terrperatures nearer ambient, are now becoming more co:rrnnonly 
available. 
4 ) Corrosion and Erosion 
Perhaps the most insidious type of plant deterioration is corrosion or 
erosion of the inner surfaces. Unless casing thickness is monitored, 
failure can occur without warning. Regular monitoring of suspicious 
holes enables the integrity of the plant to be ensured. 
5) Electric Motors 
Electric motors are the most common source of movement in industrial 
plant. Though they are relatively reliable, the numbers in use mean 
that they can be a common cause of plant shut dcwn. Failures divide 
into two groups. Mechanical deterioration, and electrical malfunction 
in the fonn of phase failures or inter~turn shorts. By monitoring the 
flux leakage from the motor end it is stmple to detect both these 
groups of motor deterioration. 
Planninq 
Irrespsctive of how simple and sensitive a monitoring technique may be, 
condition monitoring is incomplete without both programme planning and 
records. 
Planning must include the selection of machines and malfunctions that are 
to be rronitored. It is neither economic nor desirable to attempt to 
monitor all machines for all p:Jssible malfunctions. At the the planriing 
stages machines should be prioritised with respect to the economic benefit 
to be gained by monitoring. This requires information on : 
1 ) Product ion loss due to breakdowns. 
2) Material and labour costs due to breakdowns. 
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3) Frequency distribution of breakdowns including correlation with 
maintenance v-.ork. 
4) Causes of breakdowns and their suitability for monitoring. 
I:bcumentation 
An integral part of any successful condition monitoring programme is 
adequate documentation of the monitored parameters. A feature of condition 
monitoring, particularly at the early stages, is the accumulation of vast 
amounts of apparently uncorrelated data. Even with adequate records the 
benefits are not to be gained bnmediately since malfunctions can only be 
detected after the normal condition has been clearly established .. 
The purpose of appropriate records in condition monitoring is to enable 
trends to be adopted, even when these are small conpared with the 
variations in the monitored parameter from machine to machine. The object 
of the records is to enable the normal parameter level to be established 
together with certainty bands. The .ilrportance of a systematic approach to 
record keeping when implemented condition monitoring techniques cannot be 
over emphasised. 
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INTRODUCTION 
-----
This EQUJP system (Equipment Utilisation Improvement Package) is designed 
to provide machine utilisation datau highlighting lost opportunity through 
i) Machine performance. 
ii) Production constraints eg no labouru no material. 
i) Machine Performance 
The performance of equipment influences yieldu quality and capacity. 
Machine breakdowns effect capacity; but most breakdowns are not 
instantaneous. Before breakdowns there is a deterioration in 
performance and after breakdowns a period of settling in. 
Deterioration and settling in affect quality and yield. Thusu 
preventing deteriorationu settling in and breakdowns improves 
quality 9 yield and capacity. 
Effective use of EQUIP information in analysis of machine 
performanceu should facilitate preventive maintenance and improve 
machine productivity. 
ii) Production Constraints 
Lack of machine utilisation due to production constraints eg no 
labour etc gives rise to opportunity costs through lost capacity. 
Use of EQUIP information will highlight problem areas for production 
personnel. 
SYSTEM BRIEF 
The objective of the EQUIP system is to provide information on machine 
utilisation to : 
i) Help plan maintenance activity. 
ii) Provide production information on machine utilisation. 
iii) Give information on machine downtime. 
Therefore the system will be designed to collect information on : 
i) The number of process interruptions - whether production or machine 
dependent. 
ii) Opportunity cost of that interruption ie number of products lost. 
iii) Downtime of machinery. 
The system will not be designed to collect 
i) Information on people. 
ii) Time taken for a repair. 
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_!3X.S_TEM_ OYERVIEW 
The system will be implemented in 2 phases as shown in Figures 1 and 2. 
Figure 1 : Phase 1 
MATRIX EN\/IRONMENT 
1~ cards Collected Daily 
~-~~~~- I -~---------~~·~-~~~-~-~---~--~-~~~> 
I EQUIP PC 
I and 
I EQUIP I= 
I CARD I 
I Printer 
I Cards Filled in Per Event ~~ 
Ad hoc Routine 
Description 
1) EQUIP cards filled in per event by line supervisor/appropriate staff. 
2) Cards collected daily from matrix hatch. 
3) Information typed into EQUIP PC daily. 
4) Routine reports produced. 
5) Facilities for interrogating data for ad hoc reports if requred. 
6) Timescale for Phase 1 : September 1987. 
Figure 2 : Phase 1 
MATRIX ENVIRONMENT 
Handheld Put On Battery I EQUIP PC 
--------------------------> I and 
Charger I Printer 
Data Entered Per Event I lb-
Ad hoc Routine 
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1) Data typed into handheld per event by line supervisor/appropriate 
staff, 
2) Information downloaded daily via RS232 link to EQUIP PC in maintenance 
office, 
3) Handheld put on charge, 
4) Routine reports produced, 
5) Facilities for interrogating data for ad hoc reports if regured, 
6) Timescale : March 1988, 
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FUNCTIQ~L SPECIFICATION 
PHASE I 
1) INTRODUCTION 
~~ ·- ~-=-- ..r ~_.c.""'.- ---- -
This document details the functional requirements of Phase I of the 
EQUIP system as detailed in the system overview. 
Phase II will not be discussed further in this documentationu but 
consideration of lhis phase will be incorporated into the system 
design. 
2) OPERATING MODES 
A password will be required to enter the system. 
Where possibleu decision making will be menu driven requ1r1ng the user 
to type in single keystrokes rather than full commands. 
The system will operate under the following modes : 
1) Daily Routines. 
2) weekly Routines. 
3) Monthly Routines. 
4) Data Interrogation. 
5) Code Catalogue. 
2.1 Daily Routines 
2.1.1 Data Input and Validation 
On selection of this option the user will be prompted to 
select either : 
1) Data Input Mode. 
2) Data Validation Mode. 
Data Input Mode 
Data can be entered in two ways 1 either 
a) Individual cards can be entered. 
b) A full shift can be entered by a block entry method. 
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a) Individual Card Method 
b) 
On selection of this option the user will be prompted 
to to enter the following data for each card : 
i) Year eg7 
ii) Week eg 16 
iii) Day eg3 
iv) Shift egc 
v) Department eg 165P 
vi) Line egl 
vii) Machine Code eg GMOS 
viii) Position eg 12A 
ix) Fault Code eg 1904 
X) No of Products Lost eg 0056 
xi) Stop Time : Hours eg 19 
: Minutes eg 54 
xii) Restart Time Hours eg 20 
Minutes eg 23 
xiii) Action Taken egM 
xiv) Corrunents eg °CAM BOLT SHEARED D 
Block Entry Method 
On selection of this option the user will be prompted 
to enter the following data 
i) Year eg 7 
ii) Week eg 16 
iii) Day eg 3 
iv) Shift egc 
v) Department eg 165P 
vi) Line eg 1 
vii) Number of Entries eg 23 
and then for the appropriate number of times 
i) Machine Code eg GMOS 
ii) Position eg 12A 
iii) Fault Code eg 1904 
iv) No of Products Lost eg 0056 
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v) Stop Time ~ Hours eg 19 
Minutes eg 54 
vi) Restart Time Hours eg 20 
Minutes eg 23 
vii) Action Taken 
viii) Comments 
Data Validation Mode 
egM 
eg ° CAM BOLT SHEARED 0 
On selection of this option the user will be prompted to 
input a date, 
A further menu will then prompt the user to select from 
the following options : 
i) Screen~ this will display data for the selected date 
to the screen, 
ii) Printerv this will print out data for the selected 
date. 
iii) Editr on selection of this option the user will be 
further prompted to enter a password. On acceptance 
of this password the user will then· be able to edit 
any entries for the selected date, 
2.1.2 Daily Report Generation 
This option should be selected to produce all routine 
reports. 
Separate reports will be produced for the following parts 
of the process 
i) Precoat. 
ii) Matrix - Line l, 
iii) Flowcoat. 
Two reports/process will be issued 
Daily Summary 
Detailing standby time~ scheduled downtime; productive 
runtime; budgeted allowances. 
Daily Breakdown summary 
Detailing frequency of breakdowns and number of products 
lost, 
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Details for each of the week will be givenu along with a 
cumulative totalv for each of the following parameters 
i) Machine Code. 
ii) Machine Name. 
iii) Number of Breakdowns. 
iv) Number of Products Lost Per Day. 
Copies of each of these reports are required by both the 
Maintenance and Production departments. 
2.2 Weekly Routin~ 
The user will first be prompted to input the date of the required 
output. 
Data will be analysed in weekly units of 7 days starting from 
Sunday - day 0 to saturday - day 6. 
Each week two maintenance reports/process will be issued. 
1) Machine Group Analysis 
This informationv presented in a bar chart formu will pareto 
the top five machine groups for % minutes lost per process. 
The number of minutes. lost in real and % termsv along with 
the frequency of breakdown will be given. 
2) Fault Code Analysis 
This informationv presented in a bar chart formu will pareto 
the top ten fault codes for % minutes lost per process. The 
number of minutes lost in real and % termsv along with the 
frequency of breakdown will be given. 
2.3 Monthly Routines 
The user will be prompted to choose from the following menu 
1) Maintenance Reports 
Four monthly reports/process will be produced. 
Monthly Summary/Process 
Detailing standby timeu scheduled downtimeu breakdownsu 
productive runtime and budgeted allowances per line. 
Copies of these reports are also required by the Production 
Department. 
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This information presented in a bart chart formv will pareto 
the top ten machine groups for % minutes lost per process. 
The number of minutes lost in real and % termsv the number 
of products lostv along with the frequency of breakdown will 
be given. 
This informationv presented in bar chart formv will pareto 
the top fifteen codes for % minutes lost per process. The 
number of minutes lost in real and % termsv the number of 
lost products along with the frequency of breakdown will be 
given. 
Total Percentage Breakdowns/Process 
This information presented in a line graph formatv will show 
breakdowns as a percentage of production hours availablev on 
a weekly basis over a rotating 3 month period. The budgeted 
time for breakdowns will also be displayed. 
2) Production Reports 
This information presented in a line graph format will show 
the following as a percentage of production hours available 
on a monthly basis over a year : 
i) Standby Time. 
ii) Scheduled Downtime. 
iii) Breakdowns. 
iv) Startup Delay. 
v) Trials. 
vi) Actual Production. 
On graphs (iii) and (iv) budgeted allowances will be shown. 
3) Long Term Analysis 
Long term analysis will be done on analysed weekly data. 
The user will first be prompted to input the dates of the 
required output. 
Facilities will then be similar to monthly facilities. 
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On selection of this option the user will be prompted to select 
one of the following options : 
l) 
2) 
3) 
1) 
Analysis of tviachine Groups. 
Analysis of Fault Code. 
Access Data Manager. 
~of Machine GrOY£§. 
On selection of this option the user will be prompted to 
input : 
a) Process. 
b) Machine Group Classification. 
c) Time Base in Weeks. 
A paretof bar chart formu of the top five faults of this 
group will then be produced. 
2) Analysis of Individual Machines 
On selection of this option the user will be prompted to 
input : 
a) Process. 
b) Machine Classification. 
c) Time Base in Weeks. 
A pareto 0 bar chart formu of the top five faults of this 
group will then be produced. 
3) Analysis of Fault Codes 
On selection of this option the user will be prompted to 
input : 
a) Process. 
b) Machine Classification. 
c) Time Base in Weeks. 
A pareto 8 bar chart form 8 of the top five faults of this 
group will then be produced. 
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Outputs from Options (1) to (3) to be sent to 
i) Screen. 
ii) Printer. 
as r.equested by the user. 
4 ) j\s:;cess Data Manaqe r 
On selection of this option and successful entry of a 
passwordv all files would be set up in default directories 
and the Database Manager would be invoked. This package can 
then be used to interrogate the databases as necessary. 
2.5 Set Up and Code Catalogue 
On selection of this option the user would be prompted to choose 
one of the following 
2.5.1 
2.5.2 
2.5.3 
2.5.1 
2.5.2 
Set Up Data. 
Code Catalogue. 
Back Up Data Files. 
Set Up Data 
On selection of this option the user would be able to 
display set up data eg week definition, downtime per 
machine etc. 
This information will be sent to 
i) Screen. 
ii) Printer. 
as requested by the user. 
Code Cataloque 
On selection of this option the user would be able to 
display machine and fault codes to : 
i) Screen. 
ii) Printer. 
as requested by the user. 
On entering a password the user would be able to 
update any entries .• 
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2.5.3 Backup Data Files 
Backing up data files onto secondary storage should be 
done at regular intervals at a frequency to be 
determined. On selection of this option backing up of 
all necessary files should be done automatically, 
3) SYSTEM ATTRIBUTES 
1) Data Week 
NB : Further clarification of shift startup is required. 
For each week : 
Sunday 
Monday 
= Day 0 
= Day 1 
Saturday = Day 6 
2) Production/Maintenance Information 
Differentiation will be possible between Maintenance and 
Production information ie whether a stoppage was due to a 
breakdown or a production problem. 
This requirement to be incorporated into a fault code design. 
3) Data Storage 
a) Characteristics 
The daily stored data will have the following 
characteristics attached to it : 
i) Entry identifier (7 characters) - generated by 
software = consists of Year, week, Day, Entry No eg 
7235001 or 7235002. 
ii) Shift (1 character). 
iii) Department (4 characters). 
iv) Line (1 character). 
v) Machine code (4 characters). 
vi) Position (3 characters). 
vii) Fault code (4 characters). 
viii) No of products lost (4 characters). 
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4) 
ix) Stop time (4 characters). 
x) Start time (4 characters). 
xi) Action taken ( J. character) . 
xii) Comments (16 characters). 
i) Daily Data 
Should be stored on a rotating month basis and then be 
archived onto secondary storage. 
ii) Analysed Weekly Data. 
Data should be stored for a period of at least a yearv 
before being archived onto secondary storage. 
c) Data Identification 
Data from the following areas to be stored separately 
i) Precoat. 
ii) Matrix. 
iii) Flowcoat. 
DOCUMENTATION 
The following documentation will be issued 
1) System Managers Manual. 
2) Operating Procedures - Clerical Support. 
3) Operating Procedures - Technical Supervision. 
4) System Maintenance Engineers Manual. 
5) PDL For All Code. 
6) Commented Code. 
7) Instructions For Updating Documentation. 
8) Pocket Size and A4 Size Code Booklets. 
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APPENDIX 5.4 
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EQUrP DFD ·· LEVEL: 0.1 
D UPlJ CL\_T ~ __ E_IL =--= E=----
-192-
EQUIP DFD- LEVEL: 0.2 
DATA INTO DEPARTMENT 
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_EQU[p _QFD - LEVEl__: 0~1_-
GENERATE DAfLY REPORTS 
- -· -·----- --
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~ 
,J t'1: 
0 n 
:x..:; ?:; t 
(~ <~ <s (') 
_ EQUJP _ _Q_if:Q_:- LEVE~: 0.5_ 
G2NERA7E AD-HOC REPORTS 
~ ~ ~? ~ (0'1 d )-" ~ , ~ ~ 1M ft, ~ fl ~ I ;;2, 1->0) 
~ @ t;'i ~ 2c. 
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---~_PPENDI X 5.5 
___ Program Description Language - Mon.th MenU! 
D uw©l@QJ!~O liD c"J 'fi!o ~©J PMu~ all! tJ(9oPo"l,:i,c:w~oll 'Jl~rr-u~~irnl<:J ~tilGV1[l)crroL0©1 mu u 
thlly ba2is. Yho 1ilo ~i~l uso M~nthlly ~a~a~uQQ~ ~t?~mth9 Qu~~~~g 
1-l,:r~. GG'i'nova\C:igrn of monthly rc.:>ptlt?ts -~ mo~nthlly Cilowrotimo anu1ysiD PG?(,QJ©((\C: 
Mrn~hine g((OU~ arnallysis {indv©ll/coM©@) 
18ult cud@ rnnaly~i~ (in@ividuol/cDmbin~d) 
total % b((~akdow~s (in~ividua1/~oMbino~) 
p((int monthly corot((©l\ fil® for ~y~t®m ~udit 
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~~~~~ 
~!OuV' ~CSV'OGIFi 
~0 ~~XL~ tPU@ 9 an§ Pun in~o1inito!y 
o~o~uto G~Poon ~uG~ P~utino 1©V' ~©nth!y V'~utinoG~ ~th~uG~o~V'~ 
~~ WMXL~ n~ koy©~aP§ in~u~ 
XP voU,§ in~u~ 
o~!t 1P©~ ~© ~h!!o ~©©~ 
~Nl9Xts' 
~NIQOO 
~!G~!ay ~h©i(SO t© UGQV' 
~© a ~aao atotomOft~ t© a~~ivato tho tho Do!o~to@ o~t!©~ 
~~ CAS~ m®giDa~o typ~ FO~ 
©Yt~Yt M©~tM!y PO~©V'tG 
thiD GO~t!©~ iG t§ (S©fttu~~ @©~~tiMO u~u!yDiG V'O~©V'~~ 
ma(Shin@ gV'oup ana!y~i§ 9 1~u!t ~o~G a~u!ygig 9 
poV'~onta~o ©Poa~~©~~ ~Pa~hDo 
~V'iftt M©nth!y 6©fttV©! 1i!o Y©V' DVDtO~ oY©it ~YV'~GODo 
~!@oP ~CP®®ft 
put ~!nn~D ini© m_monih DiV'i~~ vnV'ia~!o 
g©n~Pato g~p~~n ill© ~~ to ®n~UP0 u~®V' ig e~aV'Q ©1 ~©@& 
pV'OM~i u~oP to ontov month DiPin~ 
M©nth ~h©U!~ u!POu©y ~0 C©PPOt:t!y DOt U~ YP©~ ~utu ift~Yt 
1©V' W®®k!y PWCOP~Do 
P®~d in g®t u~ info 1Po~ dat~ contPo! ~&t~©~~@ o 
1in© 1iPDt incidoni o1 m©nih naMo a~@ !aDt in(Si@ont o1 
m©nth nama o~@ u~©ato vovia©~oD u~~V'©~viato!yo 
m~chin® uti!ig~tion P®poPt 
S~t up C~~® 2t~t~M®nt to pPO~UCQ P~pOP~ Y©P Goeh d®p~. 
XF ~a~o contPo! f!ag 9 d~tQ_co~_fl tPuQ 
initi~li~® !oop count~P 
DO WHXLE ~hoPo i~ ~ dgpavtmant 
DO CAS~ m®gg§g® typw ~OP 
ppg~oat M©nthly dat®b~se. p~emth 
~to~~ th® no. of unitg th~t shoul~ havo b®@~ 
mado in pPG~oat ~Y ~~ch ~h1t to b~©-~_(u 9 ~9~) 
stoP® th® u~itg of bP®~kdown bud~&t f©V' ®a~h 
shift to bud_bPk (~.b.c) 
ma~Pi~ monthly dat~~ag~ 9 matmth o 
~toPO tha n©. o1 unit~ th~t ~hou!~ hav@ b®Qft 
mo©o in MD~Pi~ ~v ·a· gh!1t ~o ~Y~_~_(up~u~) 
g~ovo tho unitD of ~Poak~own bud~®t fov ga~h 
Dhi~t ~© bu©_bv~_(& 9 b 9 c) 
1!ow~§n~ m©nihly doto~aaop 1~m~h 
G~§PO iho n©o @f u~itD that nh©ul@ hovo ~oon 
m§d® in m~tPi~ by ·a· ~hift t@ b~~~w_(~ 9 b 9 c) 
g~oPo ~ho unitD ©1 ©P®akdown bu~~at 1ov ~a~h 
ghi1t ~o bu©_bP~_(8 9 b 9 c) 
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~1'~0Ct1:l~IIT 
oo~ ~~ v~~i~o ~@ ~~~~ ~o~ll~ ~~o 
!~!~!oR!oo ~!R~ov vov!o~Roa 
~0'\/liO?O~O ([:';(C~VVQIS~ Q~lfAirV®S 'if©G" 'll©C" "Vi\. J1 ~OV ~©C-~Li'il©J 
1©V ®~OQ~OP ~©@~nulfi~y ©1 @OUi®Li'il~ "Vo~li~ ~§@OO 
s:.h©w!©J lQlo FG>c'J© ifl ut ~l?'~l?'uc:J o~ui?'~-,U[QI 
ini~iu1ioo !g©~ 6Q~ntoPo 
DO WHKLE ~h~v® ha~ ng~ boG~ !2 !~©~0 
DO C~~~ moo~Q~e ty~o FO~ 
no oPd®f'>§} 
~Q~GVa! ~I?'O~~~ti©~ ~V©l9l!Gffi3 
rWJ mu tcw i a 1 
FH2l ! u~©UI?' 
tO{:flo ©f'Qu~d©~~ 
~I?'Ou~~g~~ = OU~ ©1 VuVi©~Q 6oYQQg f'@~YiPOd 
~W©J~OOD 60&'1 tn21! 
tPuiflifl~/tau~ ~v1a 
!flo~o6~i©~ twoi~~o~o&"l~o 
6!0uflifl~ 
~l"'iu1o 
ti~:l\l!>CtJJ~~ 
~OflOPu~O O~Pifl~ 1©1?' 0~~1~ du~O 
DO ~HXLE ~hoPo io a o~i1~ 
DO CASg moooa~o ty~o ~~ 
'A' §hi'l'~ 
·~· S>hi1~ 
·e· ~~i1~ 
EN DC: AS[[ 
g®~~f'0~~ u~i~uG vavia©!oo nam® 1@1?' oa~h 
ou~~©~a! ~hi~h a!o© i@ofi~i1igo ~©si~i©~ ©fi 
~a~hifl® uti!i§a~i©n vo~©P~ 
~®fl@Po~G gum~aPy 1i~uva 1©v o!l ~P@u~©©~Li'il 
fmbla~ 
6@~@~ 
o!ge 
~Qn®Pa~@ fi~uvo fg? ifldivi@ua! 1~ux~ co~G 
PQ~U.ii"'@d. 
~~ ~~~~ ffiG00&~0 ~Y~G P~~ 
~~M~f~a ~p@@~~~t®A ~P@~~@ffi~ 
§/I§WA ~ @Y~ @1 ~&Pt§YQ g~~~~~ f®~Y~P@@ 
~Ni)C~~~ 
ZP ·~· GA~~~ @@AG o 
Q~~~ 1§P ~®~~ 10~~~ ~§@0 QA@ POOG~ 
QR,I\,\1~ f3§JAA~GP 
fENl)X~ 
in~P~M©nt fof' nG~t ~hif~ 
~NDD~ 
!g©~ 1©? RO~~ 1D~l~ ~§@O 
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Po.a~ in va! !JOG f@f' ~ov- ioo C'Jo1 ilili ~i©~ c:wl© Qlay 
Qlo1i~i~i§lil ~f'~ !§©~ u~ ~a~!o = ~§ §o PY~ ~~lil 
nyn~o~ ini~io~o~. 
6f'OO~O ~6f'QQiil ~© !o~ UQOf' ~lil©~ ~~a~ .)i.Q ~u~~Oiil.ilil~ 
ulil§ ~o~ u~ ~Fin~ov-
c:!G>arr ~t:::f'QQiii 
XF thi~ i~ thg 1if'Dt 9 ~f'060a~ 9 f'~~of't 
prompt u~®f' to ~nsYF@ ~f'int~f' s~itch@d on 
ancl on ling 
ENDXF 
XF thi~ i~ th@ 1in~! 9 1lo~6o~t 9 F~poFt 
infoFm Y~~f' ~ha~ cla~a ilii~ut ~n@ 
va!idu~iOiil ffiOnY ~i!! ~0 ~f'O~~~Qd QA~f'~ly 
ENDX~ 
QUG~Gncl all ou~~Y~ t© at:::f'GO~ 
~on~ f'O~ul~~ ~o ~ho ~Pin~of' 
ao~ ~ho lof~ ~af'~in of ~ho ~f'intov- to ~ 
@o1ino G6Foon !oyoy~ 
@:~!)[g(g 
~of'O~§ of Mut:::hino ~f'OY~ ~f'©~OGG/~OQ~ 
not u~ eo@o 1of' ~v-o~oGGin~ ~ho @a~o 
eocl® to tP~n~f~f' d&ta 1ov- v-igh~ month an§ 1Fo~ ~ 
bv-®a~do~n ~Fo~l~M Yf'OM Moliithly 1il®~ ~o t®M~orrarry 
clotabaco 
1:Hoc. 
parr~to o1 fault eod~s/pP"oe~~~/~®@~ 
~v-o~o~G monthly do~a 
waPn Y~Qf' that dct& i~ going to bo d~!@t~d ~n~ option to 
ox.i~ 
ffi@lil~h Ghoul§ Olf'OO§y §o 60f'f'O~~ly GO~ U~ Yf'O~ @o~o !npY~ 
1orr ~oo~ly f'Dt:::Of'dGo 
find 1irrgt inc:i@®nt of month n~M@ and l~§t in~iclont o1 
and u~Qlato vaPia~l&a appP"oprriat&ly. 
do a eh©c:~ tha~ no d~ta in dy~!! and w®®~ly p~oc®s§ing 
don& b®1o~~ p~OC®§~ing monthly d&ta. 
~®l®ct ~~eh Monthly d~t~~a~® fil® and z~p it - ~~v-ning 
t@ YGOf' 
bac~y~ ~f'O~OdYf'Q~ 
~aY"nin~ to u~Gii"' 
li"'®tY~n to main m®nu 
~Nl9le~~~ 
gNE)!>(} 
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APPENDlX 5.5 : Code - Month Menu 
m W!'HlJ~!lU. PRG ·m 
iliu~Rimll BY BRIGID QUlllUULLARD DURHAll. HX'f. 3140 
*VILH TO RUtl ALL OP«R .. mOUAL FUtlCTIOUS TO BH P~RVORHUD otl A ti0~7HLY BASIS 
mU \HLL USH fiOtlTHLY DATABAS«S PRHH'fH ,M'ilii'H, VCiri'H 
nmURA~IOn OV ~OOTHLY OU?PUTS -~O~?HLY DO~tl!IHH AtMLYSIS RHPOR'i' 
t -l1ACHitm GROUP AUALYSIS - ltlDIVIDUAL /CO~lllHD 
* -VAUL~ CODH AtlALYSIS - lllDIVIDUAL /CO~BIUHD 
n -TO'i'AL P~RC«tl'i'AG« BR«AKDO~~S- ItiDIVIDUAL/COMH!N 
~ -TOTAL BRHAKDOH!l f.OSS/mA 
a -PR!tlT ~Otl?HLY COU~ROL mn VOR SYSln~ AUDIT 
nlJPDA!ItlG OV LOtlG mM DATABmS- SPLI'i' ltl PRODUC'i'IOtl AtlD ~Alll1HilAm 
uPROBLm A!lD STORllD Itl HLHS :PRllYRPD,PRURHT,HA'r1RPD,HA'!'YRm, 
~VCYRPD ,FCYRHl' 
~PRG SHOULD BH CALLHD VRO~ l1AltiiJHtlU AtlD llXJT VROM MAWMlltlU 
~l.AS'f MODimD Oil 20TH MAR 1989 BY B~Q 
~PRG HISTORY: 
n10/12/87 - PRG cmm 
tr30/3/88 - HODS TO PRIH'f OUT MOtl!HLY UTILISAIIOtl mORT 
tr - WD«X FILKS CALm UP UHRN FILRS OP«llKUD 
*4/4/88 - MOUTHLY UTILISAT!Oll R«POR!ll.B. USE S!D UTIL_RHP PROCHDURH \iHHtl 
J1. - ~ORH SORm 
\\ - ~Oll7HLY DAYA PROCESSING CHECKED 
\\3/5/88 - GRAPHIC ROU!ItlES 
~3/6/88 - BACKUP PROCHDURHS,CHAllGH IN MASK 
(!.20/3!89 - OHCOUPLmG OF tlO OF SHIFTS ~ORUD PHR OHP'f. 
1).----------------------------------------------------------------------
l>generate screen oask for oonthly routines (othnask) 
CLEAR 
00 \iHILH .1. 
DO Mthnask 
i:O 
DO \iHILE i:O 
i=mmo 
~ 18,54 SAY '" 
i=O 
RtlDDO 
IV (CHR(i))$ "1234" 
mT 
«t!DH 
e 18,54 SAY (CHR(i)) 
(!.do a case stateoent to activate the selected option 
oo em 
*output nonthly reports 
em CHR(ilST 
*THIS SKCTIOll IS TO BE COll!Aill 
a D01ll17IMH AllALYSIS RKPORT 
$ tl.ACHIIIH GROUP AllALYSIS 
i). FAULT COD« AllALYSIS 
a P«RCKti!AGH BRKAKDOtlll GRAPHS 
\\ PRIU! HOtiTHLY COti!ROL FILE FOR sm~ AUDI'f PURPOS«S 
CLKAR 
S'fORE SPACK(3) TO o_oonth 
*Generate screen so as to ensure user is aaare of node 
~ 0,2 to 2,70 DOUBLH 
~ 1,14 SAY "E Q U 1 P I n F 0 R ~ A T I 0 tl S Y S T H ~· 
~ 6,26 SAY "*M~Oll!HLY PRitrr OU~iiW 
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:! 8.13 SAY "PLilm ~tlm tJO:l'i'H ~OR PR!llTOU'i f3 Chars)' 
g 10.26 SAY '11otlTH:" Gll'i !:_nonth PICTURTI 'AAA" 
mo 
~oonth should already be correctly set up froo data 
~input for l!eekly records 
tread. in set up info froo date control database 
~find lBt incirlent of n.onth nane 1n~ l~st inr,ident of nonth no1ne 
i.\and update variables appropriately 
smc'f 2 
usn :Jm_::on 
~ocm ~OR oonth : UPP«Rio_nonthl 
])' .!lOT. EOV() 
DA'i'LCOil_OK : . T. 
STORll Heek_no TO 8_Heekst 
STORE st_day TO n_dayst 
STORE sUioe TO o_periodst 
*code to find ho11 oany aeeks in oonth 
M=l 
~decouple- IJ<5 changed to o<15 
DO t!HILR H<l5 
co~mun 
~=~+1 
~UDDO && DO HHIL« M<15 
rv WHl 
SIOR« (o_aeekst+ 3) to o_ueekfn 
STOR« ( o_aeeks t+ 4) to DJleekfn 
KtiDIV 
*load in values froo last aeek in oonth 
LOCA!Y FOR aeek_no : o_!!eekfn 
STORR f in_day TO o_dayfn 
STORR fin_tine TO o_periodfn 
Hoad in correct nuober of shifts 
tdecoupling-taken out 
~LSH 
DATUOtl_OK : . F. 
Q 4,o mAR 
~ CHR(7) 
SRI COLOR TO GRt,R,G,B 
~ 8,9 SAY " HAR!l!HG TIIm IS tlO Rll'i'RY Ill ~H~ DATH COtl!ROL" 
~ 9,9 SAY " FILH FOR THIS ~otlTH tlA!lR " 
~ 12;9 SAY "i'Q proceed:" 
Q 13,9 SAY" 1) Check that correct oonth naoe has been entered and retry." 
~ 14,9 m " 2) Hlse lnforo systeo oanager of this fact" 
Q 15,9 SAY " 3) A!fi'RR date control file has heen correctly " 
~ 16,9 SAY " aodified - renter option and continue 
@ 17,9 SAY " 4) Report generation is noll S!OPPRD" 
SHY COLOR 10 G,BG,U 
') "" 
'} 1111 
ltAIT SPACH(9)+ " **Press any key to return to previous oenu*¥" 
KNDIF 
USB 
smCit 
~~achine Utilisation Report 
*set up case stateoent to produce report for each departoent 
IV om_COtl_OK 
S!ORH SPACH(7) 'i'O This_dept 
STaR« SPACH(7) !o tlext_dept -202-
K=l &&initialise loop counter 
DO WHILE K<4 
DO CASH 
CASU K=l && all 3 files indexed on entry _i_d 
US« PRI!ll'i'H IHDU Pre_ent,Pre_fc &hnd fault codes 
S'i'ORll "165P" ~0 n_dept 
Sl'ORll "PRHCOA'i" 'i'O This_dept 
STORE "HA'i'RIX • TO Hext_dept 
~decoupling -added in 20/3/89 
SXLEC'i 2 
usu nm_con 
SUM no_shift_a FOR nonth=n_nonth.AND. dept: n_dept TO no_shift_a 
SU~ no_shift_b FOR nonth=n_nonth.AHD. dept= n_dept TO no_shift_b 
SU!l no_shift_c FOR month=n_nonth.AND. dept: n_dept YO no_shift_c 
SKLKCT 1 
**bud_a_a contains nunber of units that sholud of been nade 
**in precoat by'a' shift. Bud_brk_a contains units of breakdoan budgetted 
~* no_shift_a etc., contain total nunber of shifts uorked in nonth by each 
STORK (x_pre_cap *8 * no_shift_a) TO bud_a_a 
STORR ( x_pre_cap *8 * no_shift_b) 10 bud_a_b 
STORK (x_pre_cap *8 ~ no_shift_c) TO bud_a_c 
STORK (x_bud_brk * bud_a_a/100) TO bud_brk_a 
STORK ( x_bud_brk * bud_a_b/100) TO bud_brk_b 
STORK (x_bud_brk * bud_a_c/100) TO bud_brk_c 
CASH K=2 
USK llAT!fl'H IHDKX Mat_ent,Mat_fc 
STORK ··165M" TO n_dept 
STORK "!lATRIX " 'i'O This_dept 
STORK • FL 'COAT" TO Uext_dept 
*decoupling -added in 20/3/89 
smcr 2 
USR DATK_COU 
SUM no_shift_a FOR nonth:n_nonth.AJID. dept: n_dept TO no_shift_a __ 
SUM no_shift_b VOR nonth=n_nonth.AOD. dept: n_dept TO no_shift_b 
SUM no_shift_c FOR nonth=n_nonth.AllD. dept: n_dept TO no_shift_c 
smcr 1 
S'i'ORH (x_nat_cap *8 * no_shift_a) TO bud_u_a 
STORK (x_nat_cap *8 * no_shift_b) TO bud_a_b 
STORK (x_Dat_cap *8 * no_shift_c) TO bud_u_c 
STORH ( x_bud_brk * bud_a_a/100) TO bud_brk_a 
STORK (x_bud_brk * bud_a_b/100) TO bud_brk_b 
STORE (x_bud_brk * bud_a_c/100) TO bud_brk_c 
CASH K=3 
USH PCMTH I~DKX Fc_ent,Fc_fc 
STORK "165F" TO n_dept 
STORK "FL' COAT" TO This_dept 
STORK "LACQUKR" TO Uext_dept 
tdecoupling -added in 20/3/89 
smcr 2 
usn nm_cou 
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SU~ no_shift_a VOR oonth=n_nonth.AtlD. dept= n_dept TO no_shift_a 
SU~ no_shifU FOR nonth=n_nonth.AllD. dept: n_dept TO no_shift_b 
SUH no_shift_c FOR nonth=n_sonth.AND. dept: n_dept TO no_shift_c 
SELECT 1 
S~ORH (xjc_cap *8 * no_shift_a) TO bud_!l_a 
S~ORR (x_fc_cap *8 * no_shift_b) TO bud_ll_b 
S~OR« (x_fc_cap v8 ~ no_shift_c) TO bud_!l_c 
STORE (x_bud_brk t bud_a_a/100) TO bud_brk_a 
STORR ( x_bud_brk * bud_ll_b/100) TO bud_brk_b 
STORE (x_bud_brk * bud_ll_c/!00) TO bud_brk_c 
KllDCASK 
SRi ORDER TO 2 &&index on fault code 
*set up routine to input fault code 
*initialise filter variables 
STORR 0 TO eJlUilt 
STORK SPACR(l) TO n_s_filt 
¥generate correct strings for filter coauand 
¥for greater nodularity of design, fault codes should be read in at 
~progran startup 
!:10 
J:l 
&&inialise loop counters 
DO lil!ILE I <21 &&i.e. loop 11 tines 
DO CASK 
CASH I: 10 
@ 5,0 CLKAR 
@ 6, 26 SAY "***MONTHLY PRINT OU'i'tW 
SKT COLOR 'i'O BG,GRt,R,G 
@ 18,22 SAY 'PLXASK WAIT - PROCESSING DATA " 
SET COLOR iO G,BG,R,W 
-n_flt_filt: Y_BO_ORD &!no orders -6010 
CASK I=11 
oJlUilt : 6020 
CASK I=12 
&!not used 
o_flt_filt : Y_NO_MAT &&no material -6030 
CASK !=13 
nJlUilt = UO_LAB &&no labour -6040 
CASK 1=14 
n_fltJilt : UECH_BRK Utech. breakdo11n - 6050 
CASK 1:15 
n_flt_filt : 6000 
CASK 1=16 
&!breakdown --sun of various causes required 
n_flUilt : UROC_COR &&process control -8000 
CASK I=17 
n_flt_filt : Y_'i'RAINING &&training/tean brf. -8010 
CASK I:18 
~_flt_filt : Y_IRSP_ftAY &&inspection naintenance -8020 
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em !=19 
o_f 1 U i 1 t : LCLEAllltlG &&cleaning -8030 
CASK I =20 
o_flt_filt : Y_TRIALS &&trials -9000 
~generate string for shift date 
DO \iHI Lfi J<4 
00 CASE 
CASE J:l 
cUJilt : "A" 
em J=2 
G_s_f ilt : "B" 
CAS« J:3 
G_s_filt : "C" 
sUDCASE 
*generate unique variables nane for each subtotal llhich also 
*identifies position on oachine utilisation report 
o_shtot: "'\'" t STR(I,2) + STR(J,l) 
*generate suonary f iure for all breakdol!n fault codes 
telse 
*generate figure for individual fault code required 
DO CASH 
CASK 1=11 
*Mo check on aeek nunber as all entries in nonthly 
!files are valid for Donthly reports 
SUM PRODS_LOST FOR FAULT_CODE > 7000 .AND. (FAULT_CODKJ < 8000; 
.AND. UPPKR(SHH'i'):n_s_filt .AHD. UPPER(DEPi):o_dept; 
to ltl;)_shtot 
CASK 1=15 
SUM PRODS_LOS'i' FOR VAUL'i'_CODK < n_flt_filt .AND. UPPKR(SHIFT):o_s_filt; 
. AJlD. UPPKR( DKP'I ):o_dept to lto_shtot 
O'i'HKRWISK 
SUM PRODS_LOST FOR FAUL'i'_CODK : n_flt_filt .AND. UPPHR(SHIFT)=B_s_filt; 
.AUD. UPPKR(DKPT):o_dept to &n_shtot 
KHDCASK 
J:Jtl 
IF J:3 
J: 1 
mT 
END IF 
&&exit for next fault code 
&&reset shift pointer 
EHDDO hh ~HILK J<4 
I : It 1 
RllDDO 
&&loop for next fault code 
&& ~HIL« 1<21 
~read in values for period definition and day definition froo 
*look up table-to be run eben systeo initiated 
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STOR~ XJUD_UTIL :o bud_sh __ ut i l.bud_d_uti l 
~create screen to let user knoe ahat is happening 
\land set up printer 
mAR 
~ 1,3 ?0 3,69 
~ 2,10 SAY " U Q U l P I tl F 0 R ~ A 1 I 0 tl S Y S T H ~ " 
n K=l 
iJ 6,14 SAY 'PLEASU gtJSURE PRINTER IS SHITCHRD Oll AtlD IS Otl Llllr 
HA!'i' SPACE( 1Bl+. AllD PRRSS AllY m TO COtli!tlU«' 
!l 4.0 GUlAR 
~tiD!¥ 
m COLOR 1'0 BG,GR+,R,G 
© 10,5 SAY "PLHASH HAlT - OUTPUITiliG HOUTHLY UT!L!SA1'!0tl REPORTS FOR" 
~ 11.5 SAY " TO PR!llTHR" 
© 10,62 SAY [)jlOUth 
m COLOR TO G,BG.R,H 
5KT COtlSOLH OH 
SKi DEVICE TO PRIHT 
5n MARG!tl TO 5 
~ 0,0 SAY "" 
0 2,1 SAY "H QUIP ~AHA G H M H NT IN F 0 R U AT I 0 U S Y S T E U" 
0 3,1 SAY"----------------
~ 5, 0 SAY " 
0 6,0 SAY " 
~ 7,0 SAY " 
0 7, 32 SAY this_dept 
0 8,0 SAY " 
UACH!tm U'i'ILISAiiOU RHPORY" 
~ 9,0 SAY"----------------
0 10,0 SAY "Monthly Do1mtine Analysis Report for" 
~ 11,0 SAY " 
0 12,0 SAY " 
@ 12,32 SAY n_nonth 
@ 12,33 SAY " 
@ 13,0 SAY " 
I" 
~ 14,0 SAY "PHRIOD START i!UH: HKRK" 
~ 14,26 SAY [)_eeekat PICTURH "999" 
0 14,30 SAY "DAY" 
~ 14,35 SAY n_dayst PIC'fURH "9" 
MO~TH :" 
0 14,42 SAY n~riodat PICTURR "99:99" 
Q 14,50 SAY "HRS" 
0 15,0 SAY "PHRIOD V!HISH TIUR: H«HK" 
0 15,26 SAY o_aeekfn PICTURH "999" 
e 15,30 SAY "DAY" 
~ 15,35 SAY n_dayfn PICTURH "9" 
~ 15,42 SAY o_periodfn PICTURR "99:99" 
0 15,50 SAY "HRS" 
~ 16,0 SAY "PRODUCTIOtl UHITS AVAILABLK :" 
Q 16,30 SAY (bud_a_a + bud_e_b t bud_a_c) PIC'fURR "99999" 
~ 16,37 SAY "pgn UOHTH" 
Q 17,0 SAY " ( A SHm:" 
Q 17,12 SAY bud_a_a PICTURE "99999" 
~ 17,19 SAY "B SHIFT:" 
Q 17,28 SAY bud_e_b PICTURR "99999" 
@ 17,36 SAY "C SHIVT:" 
0 17,46 SAY bud_a_c PICTURH "99999" 
0 17,52 SAY")" 
0 18,0 SAY"-----------------
0 20,0 SAY "S1AllDBY TIUR 
0 21,0 SAY "=== 
A SHH'f B SHIFT 
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C SHIFT TOTAL" 
0 22.0 SAY " P R 0 D U C ? I 0 ll U tl I 7 S L 0 S ?" 
G 24.0 SAY "tlO ORD~RS" 
~ 24.18 SAY T101 
~ 24,28 SAY T102 
~ 24,42 SAY T103 
~ 24,52 SAY ?101t?l02t'i'103 
~ 25,0 SAY "Gnn«RAL PRODtl." 
Q 25,18 SAY Tlll 
9 25,28 SAY T112 
~ 25,42 SAY ?113 
Q 25,52 SAY 7111+7112+T113 
9 26,0 SAY "tlO M'i'HRIAL " 
ll 26,18 SAY !121 
(l ~6. 28 SAY T122 
t.l 26,42 SAY 1'123 
~ 26,52 SAY T121+Tl22+T123 
~ 27,0 SAY "tlO LABOUR" 
9 27,18 SAY 1131 
Q 27,28 SAY 1132 
g 27,42 SAY 1133 
Q 27,52 SAY T131+T132+T133 
g 28,0 SAY "TECH. BREAKDOtrn" 
Q 28,18 SAY T141 
\? 28,28 SAY 1142 
Q 28,42 SAY T143 
g 28,52 SAY T14l+T142tT143 
~ 29,0 SAY " 
~ 30,0 SAY " SUB TO~AL" 
STOTt : lt01+Tttt+Tt2l+Tt3tti14t 
~ 30,t8 SAY STOTt 
S'i'OT2 : l102tT112+T122+Tl32+Tl42 
g 30,28 SAY S!OT2 
S·TOT3 : Tt03tT113tT123tl133tT143 
Q 30,42 SAY STOT3 
Q 30,52 SAY STOTl+SiOT2tSTOT3 
Q 31,0 SAY " 
g 32,0 SAY"---------------
~ 34,0 SAY "tlOU SCH«DUL«D DOiillTIHH" 
Q 35,0 SAY "===== 
Q 37,0 SAY "BR«AKDOHUS" 
~ 37,t8 SAY mt 
Q 37,28 SAY Y152 
~ 37,42 SAY Y153 
Q 37,52 SAY ~15t+Tt52+Tl53 
~ 38,0 SAY "BUDGBT (" 
ll ~ 38,8 SAY (x_bud_brk*tOO) PICTURH "99" 
~ 38,8 SAY x_bud_brk P!CTURB "99" 
Q 38, tO SAY ·~)" 
Q 38,25 SAY bud_brk_a PIC1'URB "999" 
~ 38,35 SAY bud_brk_b PICTURH "999" 
~ 38,49 SAY bud_brk_c PICTURH "999' 
~ 38,60 SAY (bud_brk_a + bud_brk_b + bud_brk_c ) PICTURH "9999" 
Q 40,0 SAY"---------------
[~ 42,0 SAY "SCHBDUUD DOHNTIMB" 
Q 43,0 SAY "==== 
~ 45,0 SAY "PROC«SS CONTROL" 
Q 45, lB SAY T161 
t.l 45,28 SAY i162 
~ 45,42 SAY T163 
Q 45,52 SAY Tt61+Tt62+Tt63 
Q 46,0 SAY "TRAmiHG/THA!:l BRU." 
Q 46,t8 SAY n?t -207-
..... ...... :" 
-..;' 
Q 46,42 SH ·;·:73 
~ 46.52 SAY 1'171+!172•'1173 
Q 47,0 SAY 'PLAU. HA!!l!ITtlAtlC[" 
Q 47,18 SAY T181 
~ 47,28 SAY 1'182 
~ 47,42 SAY 'i'183 
~ 47,52 SAY ?181+1182+7183 
Q 48,0 SAY ''CL~AtlHlG" 
Q 48,18 SAY 1191 
0 48,~8 SAY ?192 
~ 48,42 SAY '!'193 
Q 48,52 SAY 'r191+T192+T193 
~ 49,0 SAY " 
Q 50.0 SAY" SUB TOTAL" 
S'i'OT4 : Tl61+'i'l7l+Tl81+!191 
Q 50,18 SAY 51014 
S!015 : T162tT172tT182+'i'192 
Q 50,28 SAY STOT5 
SiOT6 : T163tT173tT183+T193 
Q 50,42 SAY STO'i'6 
Q 50,52 SAY SiO'i'4tS!OT5tSTOT6 
Q 51.0 SAY " 
Q 52,0 SAY"---------------
Q 54,0 SAY "TRIALS" 
Q 54.13 SAY 1201 
Q 54,28 SAY 'i'202 
Q 54,42 SAY 'i'203 
Q 54,52 SAY T201+'i'202+T203 
Q 55,0 SAY'----------------
Q 57,0 SAY "AC'i'UAL PRODUCiiOH" 
ACU: (bud_ll_a)-(STO'i'l+n51tS'i'OT4+T201) 
Q 57,24 SAY AC'i'J PICTURE "99999" 
ACI_B : (bud_ll_b)-(S'i'O'i'2+'i'152+STO'i'5+T202) 
@ 57,34 SAY ACT_B PICTUR« "99999' 
ACLC : (bud_ll_c )-( S~OT3+Tl53tSiOY6t'i'203) 
~ 57,48 SAY ACl_C PICTURE "99999" 
Q 57,59 SAY AC'i'J+ACU+ACH PIC'i'URU "99999" 
@ 59,0 SAY "BUDGU'i' U'i'ILISAY!Otl (%)" 
~ 59,18 SAY bud_sh_util 
~ 59,28 SAY bud_sh_util 
~ 59,42 SAY bud_sh_util 
~ 59,54 SAY bud_d_util 
~ 60,0 SAY "AC'i'UAL UYILISATIOH (%)" 
Q 60,24 SAY (AC'i'J/(bud_ll_a))*lOO PICTURE "999.9" 
Q 60,34 SAY (AClJ/(bud_e_b))*100 PIC'i'URB "999.9" 
Q 60,48 SAY (AC'i'_C/(bud_a_c))*lOO PICTURE "999.9" 
~ 60,59 SAY ( ( ACT_A+ACU+ACr_C)/( bud_!!_a+bud_e_b+bud_ll_c) )*100 PICTURE "999. 9" 
~ 61,0 SAY "" 
~ 62,0 SAY "" 
m CONSOL« Otl 
m D~VICU TO SCRm 
K=K+1 &&increoent for next dept 
«UDDO &&UHm K<4 end of oachine utilisation report code 
mer 
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t----------------------------------------------------------------------------------
\1 GRAPHICS ROUT!tl~S 
~tlonthly pt'intouta llill be run off together 
\1therefore Donth is not proopted for again 
~l)Pareto of oachiue group/process/ueek 
~2)Pareto of fault codes/process/ueek 
i1set up code for processing the data 
ucode to transfer ~ata bt' right ~onth and froo a breakdorm pt'oble:' 
Ofr~~ oonthly files ~o teaporary iatabase files 
m PROCEDURH TO tlthaenu 
DO P _Banner 
CLOSE P~OCEDURE 
*STORK ALL VARIABUS BHFORY PROCRDUR~ CALLED UP 
STORR "PR~MTH" TO DFI LRl 
STORR "t1AT~TH" TO DFILH2 
5TORH "~Ct17H" TO DnLH3 
STORR ''PRUHT" TO DF11HD1 
STORR "PRUC" 10 DHillD2 
$TORR "t!ATJ~T" TO DF21tlD1 
STOR~ "t!AUC" ro DV2IllD2 
STOR« "FC_WT" TO DF3IHD1 
STORR "FCJC" TO DF3IllD2 
STORR "PmOAT" 10 DJAllHl 
STORK "t1ATRIX" TO D_HA!m2 
STORK "FLOHCOAi" iO DJlAilH3 
STORti 4 TO LOOP _COUHT 
STORR "VAL(LHVT(HllTRY_I_D,3)}>(MJmST-1) .AUD.; 
VAL(Lnl(HHTRY_l_D,3)}<(H_~Hmtltl}" ro ImnCOilD 
STORti 5 TO tlO_OUARS 
STORK .i. TO PRIHT_RfiQ 
STORK "HOHTH- "t SUBSTR(H_ll0tll'll,!,3) TO TIMUTR!tlG 
m PROCHDURH TO STDPROC 
DO HPARKTO HIYH DVILKl ,DVl!NDl ,DV1IHD2,DVILH2,DF2IND1 ,DF2IllD2 ,DVILK3,; 
DV3lnD1 ,DV3IUD2, TlaHCOND, NO_OUARS,LOOP _COUtlY ,DJlAHHl, DJAilH2, DJfAilH3, TIMLSTRING, PR 
CLOSH PROCEDURE 
MMM~~MmMU~tfault group analysis/process*U**mMMM**mm 
m PROCHDUR« TO llTHHRNU 
DO P_Banner 
CLOSH PROCHDURR 
iSTORH ALL VARIABLHS BUORH PROCHDURK CALLED UP 
STORti "PRKMTH" TO DFILRl 
STORH "t1ATIITH" TO DVILH2 
STORK "FCMTH" TO DF!Lti3 
STORH "PRUIIT" TO Dn!UDl -209-
STORll PRUC' i'O D~mD2 
STORs 'M'UllT' fO DnillDl 
STORll ·'tlATJC" ro fJP2HiD2 
STORH 'ITCJllT" TO D~JIHDl 
STORR "~CJc·· TO DV3IHD2 
S'rOR!l "P!UiCOA'i" !0 D_tlllli~l 
STOR~ "HATRIX' TO DJlllliTI2 
STORfi "VLO~COAr 'rO DJltillll3 
STORli 4 TO LOOP _COUll! 
S'i'ORfi 'VfiL(LUT(~~1'RLLD,3))>(1l_\mKS'f-ll .AtlD.; 
vAL(WWIITRUJ,3)JqHJmPtlt1)' TO f!HHCO~D 
STORR 5 TO !l0_0~ _BARS 
STORH '~OtlTH - ' r SIJBSTR(H_ll0tl1'H, 1, 3) TO l!HUTRIUG 
STORH .f. TO PR!NUHQ 
m PROCHDUR« TO STDPROC 
00 ffPARRTO tilTH DmRUF1INDl,DFmD2,DViLH2,DF2ItiDl,DF21tlD2,D~lLH3,; 
DFJWDl, Df3Itl02, TIMHCOUD, NO_OV JARS, LOOP _COUtlT, DJAllEl, DJAJJH2, DJlAJJH3, TIMUTRltiG, PRIHT_RHQ 
GLOSs PROCKDIJRH 
KUDH && IV om_co~_OK 
1---------------------------------------------------------------------------
~process oonthly data 
CASH CHR(i)S"Z" 
fJ. aarn user that data is going to be deleted and option to exit 
STORH SPACH( 3) TO uJJonth 
m counRil ou 
mAR 
~ 0, 2 to 2, 69 OOUBLH 
~1,14SAY"~QUIP DATA PROCRSSI~G' 
~ 6,26 SAY ":mMO~THLY PROCHSSltlG*M" 
~ 8,13 SAY " PLEASH HYTBR tlAllH OV MOUTH ( 3 Chars)" 
~ 10,26 SAY " MO~fH:' GnY DJJonth PICTURH "AAA" 
READ 
m COUV!Ril OH 
~oonth should already be correctly set up froo data 
~input for· aeekly records 
*find 1st incident of oonth nane and last incident of 
*and update variables appropriately 
SKLHC'f 2 
USH DAILCOtl 
LOCATH VOR oonth : UPPHR(oJJonth) 
I~ .tl01. HO~{) 
STORH 11eek_no TO o_aeekst 
~code to find hoa oany aeeks in oonth 
M=l 
DO liHILH M<l5 
COtl1!HUH 
M=~tl 
HtlDOO && 00 ~HILH M<15 
n HOP{) 
S!ORH (o_aeekst+ 3) to o_aeekfn 
STORH ( 9_aeekst+ 4) to o_aeekfn 
HUDIV 
RnDIV &m .HOT. HOP() _ z l O-
'ldo a check that no data in dyall and aeekly processing done before processing 
(toonthly data 
Sill,~CT 3 
US~ Dyall ltlDn Mry_!D,Flt_Code 
RntlDRX 
IU mGOUtlY( )oO .OR. o_ueehfn >= VAL(!leeUhkl 
CLllt!R 
? CHR(7) 
S~:~~ COWR 'rD GRt,BG,R,\J 
Q 1' 3 1'0 3, 69 
~ 2,10 SAY " ~ G U I P [ tl ~ 0 R tl A T [ 0 tl S Y S T a ~ " 
0 5, 10 SAY " m~mHOll?HLY DA'fA PROCRSS!tlG*mm " 
~ 8,9 SAY "t¥m~ SORRY ,tlonthly Processing facilities Refusedmm" 
~ 11,9 SAY ''You are trying to process oontbly data ahen data " 
~ 12,9 SAY "is present in the daily database aOR* you have not" 
Q 13,9 SAY "yet processed last 11eeka data" 
~ 14,9 SAY "1) Rnsure daily and aeekly data have been processed.' 
~ 15,9 SAY "2) Contact systeo oanager if this is not the cause of the probleo.' 
Q 17,0 SAY " " 
\JAIT SPACH( 13)+ " PRESS AYY m !0 RRi'UR!l TO THn Mltl MHUU' 
SK'f COLOR TO G,BG,R,H 
USH &&Close dyall and indexes 
RKTURU 
K~DI~ && IV RHCCOUllT()<>O 
USK &&Close dyall and indexes 
SKL~C11 
\! 5,0 CLHAR 
SKi COLOR i'O GR+,R,GR,B 
PROCHSS ~OUTHLY DATA" 
SRi COLOR 10 G,BG,R,H 
SHY COLOR 10 R,GR+,B,BG 
g 10,5 SAY " H A R tl I tl G - DATA VILES HILL BH ERASED liT THH FOLLOH!tlG" 
@ 11,8 SAY " OP«RATION , DO YOU HISH TO C.Oill!UUH ? (Y/U)" 
HAlT " 1'0 yn 
I~ UPPKR(yn) o T 
UHL_OK : .~. 
nm 
UHL_OK : .1. 
KHDIF 
SHi COLOR TO G,BG,R,H 
IV OHL_OK 
~nessage to user 
CLIAR 
Q 0,2 to 2,69 DOUBLH 
&&user ai shea to exit 
&&user aishes to continue 
&&ooothly deletion ok flag set 
0 1,14 SAY" H QUI P D A i' A P R 0 C « S S Ill G' 
~ 4,21 SAY "UtJPROCRSSING MOiliHLY DA!MW 
~ 6,21 SAY "***MmPLHASH ~A!TiiMlllll,tl',tM$" 
llupdate production and oaintenance databases for each departoent 
~all fault codes greater than 6000 are production probleoa 
K= 1 
DO HHILH K<4 
DO CASH 
'fl. precoat 
em [=1 
S«LKCl2 
USE PRHYRPD ItlDU Prepdent,Prepdfc 
APPHITD FROM PRKIITH FOR FAULT_CODH >= 6000 
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UStl 
USfi PRUYR!fi' Ill DUX Prenteut, Pt•ectfc 
APP~tlD VRO~ PR«~TH ~OR FAUL'LCODU < 6000 
CLOSll DA'IABAS~S 
i! oatrill 
CASTI rr~2 
SnLTIC'i 2 
USil i11l!'YllPD ltlDn Hatpdeut,ilatpdfc 
APP«IlD VROH llA'rlJ'J'H ~OR ¥AUL'i_CODll >= 6000 
usn 
IJSH MTYRIIT ltlDn Hatotent,Hatotfc 
APP~llD VROH HATIJTH mR MULi'_CODn < 6000 
CLOSE omsms 
~ floacoat 
CAS~ K:J 
smcr 2 
usn ~CYRPD ltlD«X FcpdenUcpdfc 
APPntlD FROH VCHTH FOR FAULT_CODH >= 6000 
usn 
US« VCYRHT ltiDHX Vcotent, Vcotfc 
APPHtlD FROH ~CHTH ~OR VAULT_CODH < 6000 
CLOSH DATABASHS 
K=K + 1 
KtlDCASR 
smcT 1 
WDOO &&do ahile k<4 
~2)select each oonthly database file and zap it 
* Dbase autooatically keeps a backup 
m smTI oFF 
USK PRKHTH INDEX PreJnt,PreJc 
lAP 
usn llATIITH ltlDYX HaUnt ,HaUc 
ZAP 
usn FCMTH INDHX Fc_Knt,Fc_Fc 
ZAP 
CLOSE DATABAS«S 
m mm ou 
0 4,0 CL«All 
SK? COLOR TO BG,GRt,R,G 
~ 8,20 SAY "HOtl~HLY DATA SUCCESSFULLY PROCRSSED" 
1"/AIT 5PACW3l+"PRESS AtlY m TO RHYUR!l TO Hotl1HLY OPTIONS HHUU" 
S«T COLOR TO G,BG,R,rl 
KtlDIF &&if o_dek_ok 
¥backup procedures 
CASR CHR ( i )$' 3" 
~aarning to user 
CLHAR 
~ 0,2 to 2,69 DOUBLH 
~ 1.14 SAY "MH Q U I P D A TA B A C KU P*$~" 
SH! COLOR TO BG,R,GRt,H 
~ 6,20 TO 9,50 
~ 7,22 SAY 'PLnASH ~~SURH APPROPRIATH 
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'1.22 ~~1 '3;~c~UP 9!S~S ,\R~ 1\ry:,r :,\Q',~ · 
] 13,14 SA7 "ALL DA~A ~:L~S WILL : " 
'J 1U5 s;/{" 1l0l( BilCii~D IJP o::'t'O :'LOPVY O[S!;·;·,m ~~2In i1:' 
] 15,15 StiY ,, '()COPIIlll 't'O DIR:lC!'ORY 'C'J't'OA1'11' Ot: '!'H~ Ht1RO DIS:\." 
'J 1'!, 1<1 5~7 'PLilAS~ ~OLLOil COS PRQ;Wi'S TO CARRY OU'i 88CKUP' 
0 20' 0 SdY " " 
Sl\( \.OLOl! 'iO G,BG,R,Il 
lli\!'1 SPaCr;(l 7 )·:· · PHtlS~ tillY m '1'0 R~fUPJ: '1'0 COt:'fltlUU" 
(1 bnc~up clutabam.fnt files 1Uld :~e:JOI'\' nl'iablc filea 
CLiiAR 
RUt~ BAC~UP C:\DBA\'H A: 
:Wt: COPY C:\DBJi\li.DBr C:':~ll!'Db'!'A 
RUt: COPY C:\DB!J\UIDX C:\CH'fW!'A 
RU~ COPY C:\DBAV.Hill:l C:\CHTD~m 
CLITAR 
0 0, 2 to 2, 69 DOUBLll 
0 1,14 SAY ·eoe « 0 U I P D AT A B A C I U P ***" 
m COLOR 't'O BG,GR+.R,G 
~ 8,19 SAY "MOWfHLY BACKUP sucmmLLY PROm suo· 
~All SPAC«( 14)t"PRESS AtlY m ?0 RR'lURll!O HOllrHLY OP'l'IOtlS Hll~U" 
SRT COLOR '!0 G,BG,R,fl 
~ return to 8ain Genu 
CASU CHR(i)S"f 
CLOS~ ALL 
RHIJRtl 
WDGAS« 
WDDO &&DO tiHIL« .1. 
S---------------------------------------------------------------------------
¥procedure to produce a banner to let user knoa data being processed 
PROC«DURH P_Banner 
mAR 
~ 0, 2 to 2, 69 DOUBLH 
Q 1, 14 SAY " R Q U I P D A 1 A C 0 L L H C i I 0 tl " 
Q 4,26 SAY "mHOtl'i'HLY PRitlT OUIM>.'r" 
SHI COLOR 10 BG,GR+,R,G 
Q 18,12 SAY " PLnASH ~m - PROCTISSIUG DAtA ~OR PARn!O ' 
Q 19,12 SAY " GRAPH PRillTOUT" 
m COLOR 10 G,BG,R,II 
~ HllD OV P _Banner 
*-----------------------------------------------------------------------------
\i HOU: tffHllTitlU. PRG 
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Program Oescriptio!i'll Laii1JgUJagc - StandMd ProccdUJres 
~;Q\o]I)JJ(("lJ \c:~ ~OiilOI?'u\c:D 
DO©l 'frr-'tlU ~uAAinG?J 
Q:JH, 'l'.:i,emn \r:tJJ 9«:W~ o~l o 
~Jlul?'U~.o €J1 Clud~.~XlOS1 'l?ccvff' )\(9/Q\C. [;ilr?~=c\?.o o Por?OGwUV.Oi!'\J 
&Jlnj)~v'c'lQ\J v.u ©Jo\i:ol?'o.ll.~o @o\?.uf9uoou u \C:J\cJ ~o;:JI?'A©;:Qls 
r~~~ 
i©Jo~\?.i1~ \C;~o ~o~i~iilin~ ©1 ~ho P©~\c:.ll.iilo ~~~ 
~~~i1V ~Q~©I?'Y Vul?'iu~Ao~ \c:~u\c: UDO .ll.n'l?©I?'OU'Ii:i~ ~Dna@ ~y \(;~ ~u!Ai~~ 
[§II?'~I?'C\0 
§© ~©~ [§IP©~[§J\C; ~~0~ iJ 'l?.ll.Ao ~D 0~\i: \c:© ©0 ©VOP~I?'.ll.\c:\C;cn 
~© ~TILg vaA!~ A©©~ ~©~n\C; 
©@ ~~ ~ODDu~O ~V[§IP ~~~ 
~I?'Orun\S\c:l9J E2lu~a©aso 
I?'O~©VO u!A PO~©I?'~D 
~Ll~rul~~[§l @iJ~Cl~uDO 
PO~©VO u~! I?'O~©I?'@D 
~~iiiil~\C;l9J ©Ja~u©u~G 
PQ~©VO o~1 PO~©I?'as 
~NJDC~~ 
in!~.ll.o!iso ~ho~~-Q~I?' 
~©Di~i~ ~hQ PO~©P@ ~©in~QP ~© ~ho 1iPD\c: PO~©I?'@ \C;~Q\(; Su~iD\JiOD 
1a~!\c: ~©©Jo < ~000 a~©J \c:i~o ~~©Ji~!~ 
~~ ~XL~ tPYG 9 a~©J I?'~~ i~@o\Jinito~y 
XF a Po~oP@ is 1©~~©1 
@:Ml919©l 
~ho~~ han n©\c: ©ooiil ~ho~~G~ a!Paa©Jy 
XP n©~ 
u~©a\c:o &~l9JI?'©l9JI?'ia~o s~Po~\Sh~a©J ©Jataf9a~o 1i!o 
o@@ I?'O~©I?'§D t© ~~o o~©J ©1 ~~o ~ata@aga 1i!o 
©a~u \C;© ~©~\c:~!y ©Jn\C;a~a~o 
I?'OiJDDi~~ ~~o~u a\c:P.ll.~~ VuPiu©!o s© t~nt Qa~hi~o ~~o 
&A8~!JG08 
C\~8(] 
P@~~PR PO~®fG S§~A~OP ~@r RO~~ 8~~AR~O 
&~ ~§A@~~~§A A@~ ~0~ 
o~!~ 1P©~ §© ~Ai~o ~©©~ 
@:Nl9R~ 
!~~~OiiiilO~~ 1©1?' No~\c: ©o~a~~~o~~ 
gN©OO 
t: 1©~0 ©u~a©cmQ~ 
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§(9J tcj~26Q ~o~ 2\§J ~oo~ cs~~ 
©© (j';~ OOOClui::)U \:;V~ I?'~ 
PI?CJ2::S~~ 
t.:li:](9)V \Go ~1c'JVL~:~w· 
[_l \5 fW\5 'G [0 
~©l§lY 'f.g U::t:M~:urr· 
c~I'\J©6&J~ur 
~§O@ !fl ~f'O~A!fc:;D 
OMU~Y~O ~Pn~h=§n ~~D~OdUPO 
i~6FQ~O~~ 1gp ~0~~ ~~~~'G 
~N[D)[l}fJ 
~li©so ©u~nf9o\Jos 
FO~~P~ ~P©ffil§l~ ~AD~ n 1iRo is u©©~~ ~D ~0 ©VOP~Pi~~On 
PO'G~I?~ ~© ~0~~ ~©©0 
o~o~~~o ~l?u~~=©1~ ~l?a~o©~I?O 
'?©? 
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[CW©®V'OO 
@© ~©~ ~C?©o~~ ~~on a 1i1o is u~©~~ ~© ~ ©VOV'WC?i\;.~o~ 
~ ~ELg vo~~© A@~~ ~©M~~ 
~© ~~ QOGOO~O ~y~V' P~ 
ts'C?o'i?<S~~ ~u~ufgz:mo 
V'OO©VO uA~ PO~©V'©JG 
Ho~'i?~~~ ©la\;,o~ouo 
PO~©VO u~~ ~~~©C?@Q 
IS'~1~~~ ©lu~u~uSJo 
V'O~VO uR~ ~O~©V'~Q 
gl\ljg(6~~g 
D~©V'O n©~hi~~ \;.~ ~h~~~-O~V' 
~©ui~i~ ~Mo ~o~@V'~ ~©i~~OV' ~©.l i~o 1iV'o~ ~O<S@V'§ ~hw~ sa~io1ios 
1o~~~ ~©©o < §000 a~©l ~i~o ~@~©li~~©~ 
~~ ~liLg ~P~Oo a~@ V'~~ in©lo1i~i~o~y 
R~ u PO~©V'©l iG 1©~©] 
~ho~~ Auu ~©i ~oo~ ~~Ob~o©l u~C?oo©ly 
E~ n©i 
Y~©loio a~~P©~C?iaio u~~a~~h~a©l ©laia~auo 1ilo 
a©l©l ~o~©P~SJ ~© zho o~©l @1 ~~o ©la~a©oso 1i!o 
ba~~ ~© ~~~~~Y ©la~o§uuo 
~OuDOi~~ 6AO~~ O~Pi~~ VClPiu~!o D© 1uY!~ 6~©1Q i~~!y©Jo@ 
gl\lEH~ 
PO~~p~ PO~©P§ ~©i~~O~ 1~~ no~~ ~~~i~~O 
g~@"E~ 
XLS' gfW' « ) 
0~~~ 1P©Q ~©=~~~~0 ~©©~ 
gN@Ri? 
~1\1@~ 
~~<SPO~~ 1©P no~~ ©lo~oP~~~~ 
gN©OO 
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f~'oJ (c;et;C] C.~UOQ~]O \?o')?[?CJ L:flq~;J 
P0-'01C; (~() 0~)( !%nlo;noo 
(s6"w \?.cl Pv'0'70;o:r' 
~-Jn '(;~ ·GJ0 : '\>,[;J 
cc: :~~~11 '\?,eo) ;lrrV':v 0 : u l7 
lloOCcJ )\Gi f2_)l?Q[i:)JV1:l~~n 
o~m:~'\?,o !2Jl?O~h~nn ~w·eteu©J~owC? 
.\l,[rv(S?'OGWOii~ 11t2V flO~'G ~tl~Mi'G 
0:':1?(1[o)li:YD 
r: )\§00 ©1u~o©rmoo 
f'O<f.QJl?U'U (91fi§Gilt9J\C, w&'uo~ o 1/\llo An u©©\'0?, \s(c:JJ ~clio ©Jvocrwl?'l'h{?.'l:u~ 
I?Q\(',!Jf'il %© %Ol:=1% O©@U 
o~o~~{?,o ®l?0~~=©1~ ~l?e~u©l~fio 
\Ju~!? 
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APPENDIX 5.6 : Code - S!nrud3ird Procedures 
"''~!JR:':":~~: 3~ 9R:m tt!J!:l~l. :~IJLLiRD DURHMUX':'. 3!4011 ~':<\1 
u~~QGRA!l ·:0 COU'!'~::l PROmum ilH!CH ARE R~QU!RfiD BY ~OR~ '!'HAll Oll~ 
(rPROGRA!l. PROCEDIJm FOR IJS~ ~EH:;l Olm mll ARll COilTAHHJD \HTHI;J '!HA'1' 
~m~ 
iiPROmURllS IJI'i'Hiil Tfi!S m~ 
~2) ID~Il? - PASStiORD «tri'RY ~llD cHgCK ROIJT!tlrr 
113) qRAPH_01l - SY? UP ~OR GARPHICS !lOD~ 
•:r4 1 ·;RAPH_Gi¥ - R1'!'1JR!l 1'0 Tm' riODu ?ROtl GRAPHICS tiOD~ 
1.r5 1 ~?~?.~~0 - t:~CH!!iiT CODE ?AR!lTO 
a6' ~?AR~TO - !~'JLT ·:oo~ PARYTO 
,7\ L:tJgGRAPH -LllmGRAPH ROUl!N~ 
~ 
•LAS'!' t10DimD 0!1 11th ~AY.1988 BY BMQ 
aPRG ~!STORY: 
~:J/11187 - mrr cmm. U'm_m mmo 
q4/ll/87 - PR!tlTllR COtl'lROLS ~tmm. 
U\!/!/88 - PROC«DURE !DITtlT ADDm. COPm /ROM DIA'mm. RK'fURtl STATKHRUT 
- ~mtlDRD TO UTIL_m 
~23/2/88 - CHANGES FOR NO ORDERS TO com 11A'i'RIX BRKAKDO~IIS 
- STOPPAGES ~OR S!OCK-DEPJ. VARS WILL STILL B« ACTJVR 
114/4/88 - CHANGES TO IJ!!L_m 10 RKCim PARA~mRS TO IllDICATE ~HICH SHm 
- SHOULD BE ACCOUmD ~OR Oil DAILY PRltl'i'OU'UIDY!tlG UP 0~ COLUHUS 
* - Otl PR I ~TOUT 
v22/ 4/88 - GRAPH OU AND GRAPH OH ENTmD 
*28/ 4/88 - PAmO OUTPUT ROUTHlgs 
t3/5188 - ~ODS TO PARETO ROUTINRS 
~8/5/88 - LitlE GRAPH ROU1IHES- I~I'i'IAL CODE 
~ ll/5/88 - BUDGET Oil LitlE GRAPH 
tPassuord procedure 
~MtU~UU!UUU~¥MM!J)!UJ)MMU:Ui;.MM 
t I DKIIT - TO CHECK PASSWORD m. l) 
~J)~t$$il)t$tt*****¥fi****J)J)¥$J)$J)l).l)l)J)l).$J)J)l)l).l).J)J) 
PROCEDURE :dent 
* Pracedure to check passuord before allouing user further access 
ato code . User is given opportunity to change passeord . Incorrect 
tpasseord -prograo returns to oenu. Paaauord is stored in file 
$SYSCHK and is read in at startup 
* give unauthorised users chance to exit 
©12, 14 say '\HIS ROU~INE SHOULD OnLY BE USED BY AU'fHORISKD USERS' 
~14.21 say 'DO YOU WISH TO COU'f!NUH ?~ (Y/lll' 
~All " to yn 
!¥ IJPPHR(yn) o T 
OK = .F. 
UfURU 
KilO[~ 
t? 4,0 CLKAR 
~ lO, 29 SAY 'PLEASE KNT«R PASSriORD 
SET KXACT OM && ensure exact aord is input 
SET CONSOLE OH && stop output to screen 
•input fran user to pass 
ACCRP'l 'fO PASS -220-
~ •• ·.. .. " \1.·• ~ r .. • ~· )J~ .. v~Ll:JUuJ'1 J,, 
IV UPP~R(pauo) : p~bu~ord 
orr : J. 
0101?.9 S~Y . PIJSS~:ORD ~:COG::i3:D 
'31?,0 5~7 ,. 
~ 111:29 )!J7 TIP~ ::;\;; ?~~s::oaD . 
srr ~m:scr,;1 on 
~em? :'0 pass 1 
?ctSR~ : iJPP~il(pm1) 
:J :o I 2~ SAY :m ciGAn: To wun:w · 
ACC~~-t' [0 pass2 
~ass2 : upper( pass2) 
[~ pass2 : passl 
passllord:pass1 
m smn oru 
SAn ALL Lm passnot>d to SYSCHK !JJsave passllord in systeu check 
m mm o~ 
0 910 CLUI!Il 
Sil'r COLOR TO BG~B 
g 10131 SAY 'PASSHORO Ammo· 
m COLOR TO GIBG~R,l! 
Q 21,25 SAY 'PR~SS AllY KllY 1'0 COUT!llfi·' 
IJAiT 
~LS~ 
d 15,13 say -~RROR - PASS~ORD tlOT Ammo ..... PASS\lORD Ul!CHAllG~D .. 
wm 
m COUSOL~ Otl 
RtlDIF 
ilLSH 
OK: J. 
~ 410 mAR 
? CHR(7) 
snt cot.OR TO RIa 
~1Q,18 say 'AU!HORISA'flotl PAILURL .... RllTURll!UG TO HHllU .. 
~m SPACH(24)+ "PR«SS AllY m TO COtlT!tlUr 
S«l COLOR TO G~BG,R~Il 
~NOH 
SBT UAC'i' OH 
mlo m ·· 
R~TURtl 
~ gnd of procedure ident 
~**'lim~~~~~~~~l.t~l.t****M$$M$M>14l*MI.n)$~1.tMZM$l1*41*\r\r*?$\\$*MM*$~?1.n)*\O)~$>)i!$MI.r(1 
(tProcedure to set up envirooent of use of DGfi graphics package 
PROCHDUR~ Graph_On 
<t SUPPRfiSS TfiX'f OU'i'PU'!' 
m ?ALK OH 
;r Jtll!IAL!Sll 0Gll3 VARIABLilS 
DO DG~ 
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t ~OnD t, ClMRAC'f~R m 
;j'Qf(il . STA!lDARD. fO em· 
~LOADCS~'!, 0, ;n, Cs~·r, ~tlD 
' 3i::TCH ~0 >ii -m 'IOD~ 
&SG'!Him,o,m 
u eLm Tllti Hi -RES scam 
&CLRSCR!mn 
&Gll'i'CIIl!H, 2, ~IJD 
,\CC::PY 'tO ~~RSIO:~ 
it;i!URJ: 
':' ~nd oi peoceduee Geaph_ou 
\1Procedure to retut·n to text enviro:JCnt fro:: graphics DG~ enviror:ent 
PROC~DUR« Graph_Off 
H'fURil 
~ gnd oi procedure Graph_on 
~~i:t:in!,(ZJ'l:ttM!,{~!,(:tt*****~nnz*nn~n:u~\tln)numt~M>'!>'!>'!M~MW.IMM~l)MMm:n.tnUliMOI.(l)!,{ 
m~mm BY BRIGID QU!Iltl.MULLARD DURHAN. m. 3140 
OProcedure to generate pareto of oachines for lost products 
tparillleters passed froo calling prograos to detergine databases, tioe periods 
l)conditions to sort on 
PROCKDURN MP~]~TO 
PARANKms DFILKl, omuo1, o~1 illD2, DFI m, DF2ltlD1, DV2ItlD2, DFILK3, DF3ItlD1,; 
DF3ItfD2, f!MKCOtlD,tlO_OF JARS. LOOP _COUtll, DJAN~l, DJA!J~2 ,DJAHH3, TIMUTR!IlG, PRHJT JHQ 
m smTY DH 
P: 1 
DO HHIL~ P<LOOUOUNT 
DO CASH 
em P=t 
SRL«CT 1 
USH &DFILHl l~DHX &DFlltlD1,&DFlltlD2 
RnltlDU 
SHL«CT 2 
usn m~m 
ZAP 
CASH P=2 
smcT 1 
USH &Dmnz ItlDHX &DF21llD! ,&DWtlD2 
RnltlDHX 
smcr z 
USE tlATHCTP 
ZAP 
CASH P:3 
smcT 1 
USH &DFILK3 JUm &DV3HlDl,&DV3ItlD2 
RK!tlDHX 
smCT 2 
IJSH FC!lCTP 
ZAP 
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r; i'OU~D() 
s·io;:~ :JPP~R\:illCliJODJ;) ·"o · iich_r;r: 
Ji0~. ]~~~Ull ~C ~~:_;c~urr 
·:iec;; ila9 net, beeu :itec.;eu cdt2dtiy 
U .::0.. acit.~ri cl:2c .. _sct' 
;;Jl1 ?RODUOS'!' JOR vmR ~:1dCH __ ... OiJ~ 1=: _;:acn __ cri . A::11.; 
illULtt:OD~<GOOO.AliD. iilhecout! to tacilstu 
3update appropiate Rcratchpad dbf 
:J~LfiCT 2 
APmD BLAUK 
mLAC~ 1:ach_code \llfll n_mh_cd 
REPL~CR Su.urods :liTH :1achstn 
smcT 1 &&Back to :;outh]y database 
' reasoign check string variable so that :Jachine code in 
checLstr : check_str + 1_'lach_cd 
~tlD[i && if not ~:_r.ach $ check_sti'iug 
G<HO rec_return &&return record pointer for next continue 
WDH 
c01:nuun && goto next record that satisfies condition 
&& if condition not cet [r fiOV() 
um 
jllDI¥ 
&& exit-froo do ehile loop 
~tiDDO &&Do ahile true 
P : P+ 1 &&iucrenent for next dept 
31lDDO && Bhile P < 4 
CLOS~ DATAJJAS~S 
tJAT~CTP -- > HA'rHCSR 
~ PR~HCTP --> PR~~CSR 
(t UCHCIP --> VCHCSR 
?:1 
DO liHILll P<LOOP_COUUT 
DO CASIT 
CASH P= 1 
smcT 1 
IJSY PRHHCIP 
l rr RHCCOUUI () > 1 
SORI Otl SUURODS/D 'fO C: PR~HCSR 
YLS~ 
COPY TO C: PR~lJCSR 
HUDIU &&H RYCCOutl'i' () > 1 
mncr 2 
STRWGC : DJIA!1Hl 
USH PRlllJCSR 
STORU ''PRULC" 10 HUmH 
em P:?. 
smcil 
usn tJA'ft!W 
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COPY 'rO C: !1!\T~CSR 
~PDIJ &hll RCCCOUUl(l '! 
sm~:r 2 
s·!Rlr.GC : DJiiHE2 
·us:: !11!'J1iCSP. 
?OR~ '~[J'(_;;_C" :o :;c_n!I!U 
~'AS= P=3 
~ELEC'!' 1 
JS: IC!JCJ'P 
I? 9.ITCCO!Jtl1' r \ > 1 
SORT @ SU!i_?ROOS/D 'i'O C: VCHCSR 
~LSE 
COPY TO C: ~C!JCSR 
Enorv ~m mcoutl'i'! 1 , 1 
smcr 2 
S'!'R!llGC : D_tlAllTI3 
US~ FCHCSR 
SiOR~ "fC_M_C" TO ~Um~ 
EllDCASll 
llload in gt·aphics 
DO Grapb_On 
~code could oay be be used as a coruJon routine as could perhaps sorting 
~routines froo above. therefore declare all variables locally 
STOR~ 0 TO RangeJal 
STOR~ 0 TO ScaleJal 
S70R~ 0 TO DataJal 
ilQYO YOP 
STOR~ Sun}rods TO Range_Val 
STOR~ SPACE(S) TO LABHLl, WHL2, LABHL3, LABHL4, LABELS 
DO Ranging mH LABELl, LABEL2, LAm3, LABEL4, LABH5, SCALU AL 
!V RECCOU!l?( )< tlO_OUARS 
Counter: RllCCOU~Y() 
ELSU 
Counter: tlO_OV_BARS 
gum 
i=O 
DO ~H!LR i <counter 
! ~ . tiOI. gQV() 
o_rec: "W' + STRIJ,l) 
S~OR« ~ach_Code to &o_rec 
Oata_Val : 100/Scale_ValaSun_Prods 
&DATASTOR~, DataJa l, it 1,0, i • 1, RtlD 
SKIP 
El!DIV &&IV . tlOl. KOV( l 
i: it 1 
moo &&DO ijH!L~ i<counter 
&CLRSCR~Ell 
&BARGRAPH, 35,20, 30, 0, 1, ~llD 
i=O 
X=18 ·224-
-.. ~ ' l l 
- ... 1' .... 1-
:-r{~:li:JJ : ~(- r~c 
~'!:->.)lj 
i ~ i ·~ 1 
fi:lllDO iiliDD ~!HIL~ i<countet' 
~: eio~te ~:;in 
;,xy;,xns, 35, 2s, 1.50,100 ,o, s, 0, :tJD 
ST~I:!Gll : . 
mrt!GU : ?RODUC'!S ~OS:· 
STRIUGG : ·T:UB P~RJOD : ' 
S~R:t:GH : !i~U~2rt:G 
~~A ?S'lR r !lG , os, 142, o, a. 15, i'XT, STRit:GU~ID 
&SAYSTR!tlG I 70, U4, 0,0' 15, TXT I STRitlGB, ~tlD 
&SAYS'iR!t!G '130 I 134 '0 I 0 ,15, TXT I STH!NGC.litiD 
&SAYSTR lt!G ! 50! 0 I 0 I 0' 15,TX'l',STRlliGUND 
&SAYSTR!t!G ,2,125,0,1,15,TXT,STRlUGr,IUD 
&ShYSTR!JlG I 70' 126,0 '0' 15 'TXT I STR!tlGG' g!ID 
&SAiSTg!UG ,116,126,0,0,15,iXT,STRICGH,I~D 
\1labeJ. y axis 
&SAYSTR!tlG '16' 35,0 ,0 I 15, TXT' LAB~LUliD 
&SAYSTR!tiG ,16, 55,0 ,0, lS,TXT, LAmUtiD 
&SAYSTRIUG ,16, 75,0 ,0, 15, TXT ,LABU3, I tiD 
&SAYSTR!tlG ,16, 95,0 I 0' 15, TX'i'' LABllLUtlO 
&SAYSTRIUG ,16, 115,0, 0, 15, TXT, LABBL5, ~tiD 
S'l'OR~ . SMALL. 70 CSilT 
&LOAOCS~T, 0, TXT, em, RtlD 
&SAYSTRIUG I 190, 124,0,0,15,TXT, "KllY" ,YtlD 
&BOXf!LL , l88,l23,16,8,255,~HD 
i=O 
X=200 
Y=ll5 
&BOWLL ,!-25, Y-90,45,115,255,~tlD 
DO WHI LH i <counter 
o_rec: "r1' + S!R(i,l) 
S'i'R !UGD : &ruec 
&SAYS7RltlG , X, Y, 0, 0, It 1, TXT, STRUIGD, EllD 
&BOXVILL ,X-20,Y,18,6,itl,:+~.~~~D 
~ STQRg STRI!IG FOR jACHPJE DESCR!Pl!Oll -12 CHARS t:1AX 
mncT :J 
iJSg .~tlCJ~ I~~ 
LOCATE mR tlACH_CQDg : &M_REC 
STORg PR IIIT_t!AtJg TO HACH_STR 
~meT 1 
&SAYSTR!tlG , x-20, Y -s, o. o, I+ 1, m .~.ACH_STR, ~tm 
Y=Y-20 
i=i tl 
gt!DDO MOO tJHILn i <counter 
:F Priut_Req 
&PR!tlTSCRtl 
~LSH 
~GBTCHAR,m 
ACCm TO GHAR -225-
;,rJn •·t·,·~en'l 
'·-····'···-·\\' 
r~P+ 1 
~tmc~ i.&DD :miL~ t1<4 
CL0S~ DA'iilllciStlS 
·~l2~L!i'li ~::: <)~it ·cde 
~s~·r PROC~JURrr ·:''} S':'DP~CC 
[:0 Gn.pb_·Jf± 
1 G:lD 0~ PROCgDUR~ LJP&,U!O 
>::t:,::c(ol::c:cM~:)~I~J)l)\itf au l '; gi·~up aualys is l?i'OCesst:~~n~:;r~t~~,~~l)~:;r:;:a~~'::~ 
m\lRll'!'W BY BRIGID QUI!lll.iJULI.ARD DUHHAJ:J. ~X!'. 3140 
PROC~DURE ~PAR~TO 
PARAuRnRS Jn L11, DF1 IUDl, Drl:~ID2, D1I LE2, DV2!~lD1, D~2lliD2, Df[[Jl3, DF3l:!Dl, DBI:lD2,; 
1 fi1KCOUD, 110_0? _BARS, LOOP _COUllT, Uml. DJJAlm, D_ilAilll3, 'l'l!JUTRI%, PR!llURQ 
mmmm 
P= 1 
DO \lHIL~ P<LOOP_COUtl'f 
DO CAS« 
em P=1 
m~cT 1 
USI &Dr!L31 IND[X &Dfi!UDI,&DP!!ND2 
RmD~X 
SLBC1 2 
USE ?mCTP 
ZAP 
·:ASK ?=2 
SI~RC'f 1 
USE &DV!LE2 IIIDRX &DV2lllD1, &DP2IIID2 
!lEHlDKX 
smCT 2 
USK HA'fiTCTP 
ZAP 
CASH P=3 
smCY 1 
USK &DVILR3 !UDRX &DP31ND1,&DP31ND2 
RWIDHX 
SKLRC'r 2 
us« rrmw 
ZAP 
STOR~ '' YO chk_s trJ 
STOR~ "" TO chk_str_2 
Sllf,fiC\' 1 
LOCAT« POR hult_code < 6000 .AllD. &TmHCOUD 
DO tlHILll . T. 
IF ~OUUD() 
SUli PROJlSJ,OSr i!OU ~AUL'LCODhJault _ctl .At:D.; 
i:'!'iiiJCO:JD \o foultsu:: 
~::LJ;C.!' ?. 
:l::rr.~;c~ Ia11J~. ~nrlJ ;~ 1 rll · fonH_~d 
.!:PLJC~ Cu:: pr·uUs ;n_·]J ~J1Jl}sJtL 
s::L~C't' I ;,(.Bac:l to outhiy datauase 
:: t•eassign chec~ str:ur, ·milhle so t,iiat fnL colic iuc. 
I~ ~:l!!l~hkxt·J: ~.250 
chk_stt· __ 1: chk_stl'_l -: lti'i:~(s\t'ldault_c0))'" '£' 
~LS~ 
chh_Rtr_2 : cbh_str__2 t itri::(strt;~_fault_cct)) + '£" 
~t:DIIT 
gum && if not ~_nach S chech_string 
GO't'O rec_return Mreturn record pointer ior next ~ontinue 
~llDIF 
COtl7ItlU~ 
IV aom a& if condition not :tet 
EXI'l' && exi t-fron do ohile loop 
~tlDIV 
[tlDDO &&Do uhile true 
P : P+ 1 &&increr.ent for next dept 
guoDO && llhile P < LOOP _COUll'!' 
CLOS~ DAIABAS:lS 
t1AHC'i'P -- > ~AHCSR 
11 PRHC'l'P --> PR~VCSR 
~CFC'l'P --> VCVCSR 
P= 1 
DO ilHfL~ P<LGOP _COUtri' 
DO em 
CASH P: 1 
smcr 1 
USfi PRUVC'fP 
I~ R«CCOUtlY() > 1 
SOR1 otl SUURODS/D TO C: PR«PCSR 
~LS« 
COPY TO C:PRY~CSR 
YHDIV &W RfiCCOUtl!( l > 1 
smCT 2 
STRUlGC : D_tlA~fi1 
USfi PRRVCSR 
STOR« "PRU_C" TO VC_Dmfi 
em P=2 
smcr 1 
USfi l1ATITCIP 
l V RfiCCOUtlT () > 1 
SORT Oil SUVRODS/D TO C:HA'!VCSR 
~LSfi 
COPY ~0 C:~~~~CSR 
WDIIT &m RUCCOUUI ( ) > 1 
smcr 2 ··227-· 
:~ci3 .: ~·=3 
s:r . .::cr J 
,. I} :w~u:.· r: :' 
SOU> o;: ~u:· YEO))Sfil .: 0 ·~: :'C:'CSH 
DO Geaph_Ou 
(i~ode could '"Y h:~ he nRerl as a co liiOII t•outille aB could pet•haps sortiug 
Croutioeo fro~ above, therefore declare all variables locally 
S!OU~ 0 't'O Rauge_~al 
S10Hll 0 't'O ScaleJal 
S'roa~ o ·ro DataJal 
GO'rO 'lOP 
S'l'OR~ Sun}t·ods 1'0 Hauge _If a l 
S'IOR~ SPI!CU ( 5) 10 lJ!Bi:Ll, LAll~L2, LABUL3, LABllL4, Wll15 
DO Ranging :ll'rH LABTILl, L&Bfi12, L~BllL3,Lam'l, lABUL5,SCALUitL 
I~ RllCCDUUT( )<NO_DUARS 
Couutet· = R~ccou:ri ( ) 
~LSU 
Couutet· = t:o_ou~ns 
~:mr ~ 
&DA'fafl~swt 
i:O 
DO llH!Lil i<counter 
IU .t:Oi1 • fiO~() 
f_rec = 'T {· S'IR(l,l) 
S)'ORU Vault_Codc to H_m 
D11taJa l : 100/ScaleJal *Su::_Prods 
&DA'IAS't'ORll. DataJa l, i + 1, 0, i + 1, llllD 
sm 
IUDIP &&!' .H07. lOP() 
i: it 1 
WDDO &&CO \IH!L~ i<countet· 
&CLRSCRnatl 
IJfi~RGRAPH, 35,20,30' 0 f UllD 
i~o 
K:35 
DO \!li!LU i <couutei' 
f_rcc: "f" ·f S'tll(i,\) 
S'illll:GX : S'[a(t,tfi:JC) 
S'!'Hit:GD : SUB SIR ( STRWGX, 7,1) 
iiSaYS't'Rlt!G ,X,8, 15 ,'rX'l ,ml[!GMtlD -228-
i: .;:·.)IJ 
l: .. 
· Ci'ea~c ::.:-:is 
'.:f.lt.:es, 35 ,?,O, 1651100 I ol:i 10, :t:o 
::cr.i·e~!·,e ~t-,·,·iilgH to ontpn·r. to 9r··:rru 
S·'~Ul:Gti : Pll:L;.rO Oi! 'iOP llHF.:JmO\H: ~uUL'tS CiiU~ i'ti(\ LOS\' P\lOfJiiC iS' 
;:_·::liH~G ~ ~~:;~ ;-.~LJ.i; : 
:~mGH : ~L j!:c::IG 
/,sm?RI:JG , Jo, 1 ~2, o, o, :s, TXT. S'l'R::lGA. ~t:D 
&Sci YS'rRi:lG , 70 I ~3~ I o I o I : s I ·rx-r. sTlmGn I ::t:o 
&smm:lG 111011:141 o I oiJsl :r!~Si'RitlGC, ~t:D 
&SAYSTR!NG 150 1 0 1 0 1 0 1 15~iXT~STRINGI 1 fi~D 
~SAYSTR!~G 1 2 1 125 1 0,1 1 15.TXT~STRIYGP 1 iHD 
&SAYSYRI ;JG 17o. 1261 o. o. 15, TXT I S'tRitlGG I :mo 
&smTRiilG I 11sl 12il~ 11 I o ~15 I m, SiiR!tlGH, ~no 
1:}abel y a1is 
&SAYS1'Ri:lG , 18,35 I 0 I 0 I 15 I TXT I LAB«L1' ~:ID 
llSmTRitlG , 18,5510,01151 :'X'!' ,LABfiL2~ lltlD 
6SAYSTRf:lG ,181751010115~·:'X'UmL3~WD 
&SAYSTRitlG 1181951010,151 rXT ,LA!lllL41 llllD 
&SAYS!RltlG 11al 1151 o I o 1151 m I LABHLS, lltlo 
S'IOR~ . StlALL' 10 em 
EOADcsrt' I u I TXT, csnrtl :mo 
&SAYSTR [llG '190' 124 '0 I 0115 ,'!'X'!'' 'Kn" I ~ND 
&BOXVILL , 188 1 123 1 16,8~255 1 llUD 
i:O 
!:200 
Y= 115 
&BOUILL ,!-25~Y-90145,115,2551fiUD 
DO HHIL~ i <countet· 
f_rec : "f" ' S1Rt i 1 1) 
S't'RltiGX : S1'R(&ll_RllC) 
STRUIGD : SUBS'J'R(SI'RitlGXI714) 
&5~ YS!RIUG I X Iy I 0 I 0' It l,!X'i'' SJ'RIUGD llltlD 
&BOXHLL ~X-20, Y, 18,6, i+ll i+ UUD 
ll STOH~ S'tRlllG VOR VAUL! DllSCRIPJ!Oll -12 CHllRS tlAX 
smc1 3 
us~ m_omH 
LOCAT!l VOR FAULT_COD!l : &UllC 
STOR!l PRIII'UIAllH TO MUL'l_STR 
smcT 1 
&sAYSTRIUG ,x-zo, Y-a~o,oii +11m I ~AULUTuno 
Y: Y -20 
i=i t 1 
fiUDDO &&DO iJH!Lll i <counter 
Irr Print_Req 
I<PR!tlTSCR~ 
&GR't'CH!lR 1 lltlD 
ACCllPT !0 CHAn 
[/ UPPllR(CHARl~'P' 
&PRill!SCllil -229--
~tliJllO MDQ \JHIL~ P<4 
CLOSU DmBASUS 
SN'i SAFU1'1 0:1 
rr~e~urn to text ~ode 
90 f]rapb_Off 
[j . ~----- -------------------------------------------------- ----· ----------- --·-- --
9ROmUR~ ~ItlRGRAPH 
~WlRI'!'TEtl BY BR!~!9 QUIIlN.~ULhARD DU~HIIH. m. 3140 
?ARMmms D¥!Lill, D~!LE2, D¥!Lll3, LOOP _COU!N, S'!'_llm, Fl!_ilm, TEJUm:lG, ?RiNT _RITQ 
S'WR~ SPACWOl TO uct.per 
STORg SPAClli 10) ':0 :J_budw 
STOR~ 1) TC ueek_no 
STOR~ ! T0 mk_req 
DO fiHIL~ PrLOOP _COUN'! 
DO em 
em P=l 
*database filel 
SRLHCTl 
IJS~ &DFILEl 
mHC12 
m ~m!ITP 
ZAP 
GASH P=2 
SHLECT 1 
us~ &DmHz 
SRLECT 2 
USR MA!LllrP 
lAP 
em P=3 
smCT 1 
usn &DVILH3 
smCT 2 
IJSY ~CLti!P 
ZAP 
WDCASH 
smcT 1 
[: 10 
Heek_req : st_aeek 
LOCm FOR VAL(~m_NO) : Wm_REQ 
DO liHILH l<(((FUJm+l)-STJm) +10) 
IV FOUtlD() 
STORH ~HHK_IlO TO o_mk_no 
S'i'ORH BRHAKD_PHR iO o_actper 
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APPTIIlD BLAtlK 
RTIPL\Cll eeeh _no WITH ueeh_no 
Rf~PLACH acUt·k iiUH :;_actpei' 
RllPL\CE bud_brk \IJ':'H :-_budpet' 
smcl': 
·.'op~_:·:q: l!eck_req-~ 1 
~:I+l 
IU 50~() && if condition not net 
HXIT && exit-froo do 11hile loop 
WDlV 
~tlDDO &&DO \1HIU Ic ((~tlJm+1)-STJ/EU) +10 
P : P+ 1 &&increoent for next dept 
~l!DDO && uhile P < 4 
CLOS~ DA!ABASHS 
~ tlA~LtlCTP -- > tlATL!lSR 
~ PR«LtlTP --> PR«LtlSR 
~ UCL!ITP --> rCLUSR 
P=1 
DO ~HI LU P< LOOP _COUll? 
oo em 
em P=1 
mm1 
USE PRRL!l'i'P 
Ir RHCCOUtlT() >1 
SOH! Otl AC'i'_BRK/D TO C:PRfiLllSR 
«LS« 
COPY TO C: PRHLUSR 
HtlDH &&Irr RfiCCOUtlT () > 1 
S«L«C'i'2 
STR!tiGC : 'PRUCOAT" 
USH PRWISR 
CASH P=2 
smc1 1 
usn M'!'Ltl!P 
tV R«CCOUtl!() > 1 
SOR'r OU AC'!'_BRK/D TO C: tlATLRSR 
usn 
COPY 10 C:tlA!LllSR 
num &m mcouu7() > 1 
smcT 2 
STR!tlGC : "liA!RIX" 
usn MLLtlSR 
CASH P:3 -23l" 
US~ ICLtl'rP 
i~ mCOUW[() >1 
SOR'r o:: ACURVD 'rO C: ~CL:lSR 
~LStl 
COPY 'iO UC!11SR 
llQDIY IJM RUCCOUU~{ l > i
smcr 2 
S'!'RI:lGC = "no;:co~r 
US~ VCLJJSR 
EllDCllS:l 
DO Graph_Ou 
l)code could oay be be used as a corJJon routine as could perhaps sot'ting 
!,{routines froo above, therefore declare all variables locally 
S'lORR 0 '!0 RangeJ al 
STORE 0 TO Scale_Val 
STORE 0 TO DataJal 
GO~O TOP 
S'i'ORE ACURK TO RangeJal 
STORE SPAC~{5) TO W\Bl,LAB2,LAB3,LAB4,LAB5.LAB6,LAB7 ,LAB8,LAB9,LAB10 
DO Per _Range \i!TH W\81, LAB2, LAB3, LAB4, LAB5, LAB6, LAB7, LABS, LAB9, LAB10, SCALUAL 
smcr 1 
GOW lOP 
!DATAR«SH! 
i: 10 
DO ~HILH i<{{(FilJnnK+ll-ST_Wm)+ 10) 
IV .tlOI. EOV() 
p_rec: "p" t str(i,2) 
STORR \leek_no to &p_rec 
DataJal : 100/ScaleJal* Act_brk 
&DAiASTORH, DataJal, 1, ERD 
SKIP 
RHDIF &&IV .U01. EOP{) 
i=i + 1 
R~DDO &&DO HHILE i< ({V~_HnK+1)-S!_Hm)+10 
&CL!lSCRm 
&XYGRAPH,35,20, 15,2, 12, EtlD 
GO'i'O TOP 
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i: 10 
~! .:~o·r. ~o~·r 1 
DataJal: 100/S~alr_~,\l. BUll .l:ni 
I!D~'!'AS'!OR~. Datdal, 3, ~:lll 
Sl(Jll 
~:JDI~ ~J:I:! JOi'. iiOU() 
i=i+l 
IT:mi:!J a~DO !11!L!l ~< f('i']_U~TI\+1i-\'~Jlrr~:()+l0 
}XYG\Uilll!.35. 20.15. 2 ,3. ~~ill 
,., cee~te axis 
S'fOR~ I I ?!Ul~::()-S't' ~m!\l \l :5 ·:'0 XLEt:G't'H 
mms.35,20.XLllllGTH. 100. (! ~~l_nml-S'Umm, 10,0,ll!W 
*create strings to output to screen 
S'fR!l!GA : ' SutillARY GRAPH 0~ CAPACl'fY DOmrrm~ DU~ YO BR~AKDUtitiS" 
S'mltlGB : "DUPARTI1~tiT : CuT" 
S~RIUGI : " H ! ~ K N U U B ~ R " 
STR!tlGV : ' mC«UTAGfi" 
STRitiGG : "Tl~l mroo : HUKS" 
S'!RltlGH : 'mU'lRitiG 
&SAYSTRIUG , 30.142,0, 0.15 .i'X'l', Si'RitlGA, WD 
&SAYS?RIRG ,70,134,0,0,15,TXT,SYRIUGB.RtlD 
&SAYS'l'RltlG 1130 I 134' 0' 0' 15' TXT' STR!llGUUD 
&SAYS'lRitiG , 50,0, 0, 0,15, TX'i', S'l'RlllGI 1 fitlD 
&SAYSTRitiG ,3, 125,0, 1,15, TXT. STRI~GUllD 
&SAYSTRHlG , 70, 126, 0, 0. 15, TXT, S!Rll!GG, RtlD 
&SAYS!RI!!G , 136, 126,0, 0, 15, TXT,STR!tiGH, iltlD 
STORll ·s~LL' TO (SUT 
&LOADCSHT,O,IXT,CSHT.RllD 
~label y axis 
&SAYSTRltlG ,22,27 ,0,0, 15, TXT, W\BUllD 
&SAYSi'RIUG ~22, 37,0 ,0 115, 'i'XT, LABUl!D 
&SAYSTR!l!G , 22 1 47,0 ,0, 15, TXT, LAB3 1 HtlD 
&SAYSTR IllG , 22 I 57, o, o, 151 'i'X'r, LABUUD 
&SAYSTR!tiG ~22, 67,010115, 'm,LABUUD 
&SAYS'rRrtiG , 22,77 ,0,0, 15, TXT, LABUtlD 
&SAYSTRitlG ~22·, 87 I o, o, 15, m, LAB?, ~no 
&smmua 122~97 lolo, 15 ,m, LAB81 HUD 
&SAYSTR!liG , 22,101, o I o, 15, m I LAB9, HtlD 
&SAYS~RltlG , 22,117,0 ,0, 151 TXT,LAB10JllD 
!:10 
X:31 
DO liHILH i<(((~NJiHllK+1)-STJ!m)+10) 
P_rec : 'P' t SiR(i,2) 
STR!tlGD : &P_RllC 
~STR!llGD : SUBSTR(STR!tiGX, 7, 4) 
&SAYSTRrtlG ,X ,8, 15, TXT.STR!llGDI m 
x=xt 15 
i: it 1 
ll~DDO &&DO ~HIL~ i< (((F!UllllK+l)-S!JllllK)+10) 
I~ Print__Req 
&PRill!SCRtl 
llLSll 
&GHICHAR~llYD 
ACmT 10 CHAR 
H UPPfiR( CHA1l ): T -233-
P : P-:-1 i&ium1:ent fat• next dept 
:mnno /JI:: ahil.c p ( 4 
;1----- -·-- -·.--- -- ---------------------- .. -------- .. ---------------- ·--------------
·:·p;·ocedure '.c gelle:·ate sui tabl2 labels and :·c.ugiue for :mch~'l0 ond 
(:f:lult pareto 
~i.:<;IJRI'f':~:l BY BR!GID QUJ:lt:.tlULLIJRD DURH!lll. m. 3140 
PROC~DUR~ Ranging 
PARAtliT'l'URS LAB~Ll, l.ABilL2, ~IBm, LABilL4 ,LAB~L5, SCciLUAL 
igeueeate appropriate axis and suitable labels at col'mt position 
(\is is assuned no fault eill be greater than 25000 units 
¥each axis oill have five increnents 
1imate appropriate axis for the folloeing ranges 
tQ-50 
~50-100 
not-250 
~251-500 
~501-1000 
~1001-5000 
~5000-25000 
DO CAS~ 
CASH RangeJal < 51 
S70Rfi 50 TO Scale_Val 
STORfi '10" '1'0 !abe 11 
S!OR« "20" TO label2 
STOR« "30" 10 label3 
STORfi '40" TO label4 
STORfi "50" \'0 labelS 
em Range_Val > 50 .AtlD. RangeJal < 101 
S'lOR« 100 TO ScaleJal 
S~OHH "20" 10 labell 
STOR~ "40" 10 label2 
S1~RU ·so· 10 label3 
S'lORll "80" ~0 label4 
S!ORH '100" !0 labe 15 
CASE RangeJal > 100 .AtlD. RangeJal < 251 
STORE 250 TO ScaleJal 
STOBH "50" TO Iabell 
STORH "100" TO label2 
STORfi "150" TO label3 
STORR "200" 10 !abe 14 
STORH "250" 70 label5 
CASH RangeJal > 250 . AllD. RangeJal < 501 
S10RE 500 TO Scale_Val 
STOR~ '100" 10 label! 
S'fORtt "200" '1'0 label2 
STOR« "300" 'tO label3 
STOR~ "400" 10 label4 -234-
:TORE 1000 :o :cale_Val 
STORE '200" TO labell 
S'iORii '400" l'll labe12 
S?OR« "600' ~0 hheU 
S'iORll 'BOO" 'iO label4 
S?OR~ "1000' 10 label5 
CAS~ RangeJal :. 1000 .IIllO. RangeJaJ. < 5001 
STORE 5000 TO ScaleJal 
STORE "1000" TO label1 
S~ORn '2000" TO label2 
STORg 3000" TO label3 
STORR 4000" TO iabel4 
STORE 5000" TO labelS 
CASE RangeJal > 5000 .AUD. RangeJal < 25000 
STORE 25000 TO ScaleJal 
STORE "5000" TO labell 
STORE '10000" TO label2 
STORE '15000" TO label3 
SYORll "20000' 10 label4 
STORE '25000" TO labelS 
*--------------------------------------------------------------------------
&procedure to generate suitable labels and ranging for line graph 
a¥,~R!I!Ktl BY BRIGID QUilHUULLARD DURHAl:l. m. 3140 
PRocgnuRK Per _Range 
PARAtmKRS LAB!, I.AB2, LAB3, LAB4 ,LAB5 ,LAB6 ,LAB7, I.AB8, LAB9, LAB10, SCALOAL 
&generate appropriate a.xis and suitable labels at correct position 
ais is assuned no fault ail! be greater than 100%! 
~each axis ~ill have ten increnents 
ucreate appropriate axis for the folloaing percentage ranges 
R0-10 
~0-20 
~0-40 
lJ.0-60 
$.0-80 
~0-100 
DO CASH 
CASH Range_val < 10.1 
STORH 10 TO Scale_Val 
SiORH "1" 10 labl 
STORH "2" 'i'O lab2 
STORH "3" TO lab3 
STORH "4" TO lab4 
STORH "5" TO lab5 
SiORH "6" 10 lab6 
STORH "7" 'i'O lab7 
STORH "6" TO lab8 
STORH "9" TO lab9 
STOB« "10" TO lab10 
-2.35-
CbS~ hnr,dal > [1}.0 .AtlD. ~a11ge .Val 1 ~0.1 
S'.'OR~ 21} TO 3cd c _v d 
STOR~ '2' TO lab 1 
S'iORE ':' 'iO lab2 
S'rORU '6" 1'0 lab3 
S?ORll "8" 'rO laM 
SYORU '10' 1'0 lab5 
:';OR~ . ~r 1'0 l~b6 
S9 0R:l ":1:" !0 i;:b7 
S'l'JR~ ·:6· !'0 labB 
smr ·:a ,'o :ab9 
3!0R~ "20' '1'0 :.ab10 
CASE RaugeJal > 20.0 .AiiD. RangeJa! <40.1 
S'fORH 40 'tO ScaleJai 
S70Rll "4' 1'0 labl 
STORll "8" ?0 lab2 
STOR~ "12" ?0 lab3 
SIORll "16" TO lab4 
S'fORll '20" ?0 lab5 
STORll "24" ?0 lab6 
S'!'ORll "28" 10 lab? 
STORll "32" TO labS 
STOR~ "36" TO lab9 
STORE "40" 10 lab10 
CASH Range_Val > 40.0 .AtlD. Range_Val < 60.1 
S~ORll 60 TO Scale_Val 
STORll "6" 'l'O lab1 
S?ORll "12" 'i'O lab2 
STOR[ "18" TO lab3 
S'i'ORll '24" 70 laM 
STORll "30" 'i'O lab5 
S'i'ORll "36" TO labS 
STORE "42" TO lab? 
STORE "48" 10 lab8 
STORE "54" TO l ab9 
S'i'ORE "60" TO lablO 
CASH Range_Val ) 60.0 .AND. Range_Val < 80.1 
STORU 80 TO Scale_Val 
STORE '8" 70 lab1 
S~ORll "16" 10 lab2 
STORE '24" 'i'O lab3 
STORE "32" 10 lab4 
STORE "40" TO lab5 
S!ORH "48" 10 lab6 
STORE "56" 10 lab7 
STORR "64" 70 labB 
S?ORU "72" 10 lab9 
S!ORE "80" 10 lablO 
CASH RangeJal > 80.0 .Atm. RangeJal < 100.1 
S!ORll 100 TO Scale_Val 
STORll "10" 70 labl 
S!ORU "20' 'i'O lab2 
S70Rll "30" 10 lab3 
STORY • 40" YO lab4 
S'fORn "50" TO lab5 
STORR "60" 10 lab6 -236-
s·;'OR:l 70 · ro lab 7 
S'!'OR~ 'ilO" 1'0 l<\bd 
S1'0R~ '90" TO lab9 
S'1;0R~ 100' !0 lablO 
: :lOUi DPROC. PRG 
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APPENDlX 6 
FEASIBILTY OF FACTORYWIDE EQUIP :TERMS OF REFERENCE 
aALYPS.COM~ON~N~S DURHAM 21 Oetob®~ ~988 
S O~~M'f'M~N~ 
~ui~m®nt utili~~tion sy~t®~O h~v© b®~n impl®M®nt®cl into 3 ~~®a~ 
lMGlY r~ Flo~eh~~t, CM'f' P~Oeo~t M~t~i~ &nd Flo~eo~t, ~nd t~equ®~ 
!d Alurnini~in~. Althou9h all 3 sy~t®rn~ h~v® th® ~~M@ objeetiv®~ 
!®f o~®~~t® on digg~~®nt h~~dw~~®, with digg®~®nt ~ogtw~~®, 
,gf®~®nt gunetion~lity and h~v® digg®~®nt M®thod~ og eoll®etin9 
lt~. 
1®~® ~~® ~l~o i~&u®® ~hieh nood ~®~olvin~ ~~oun~ thG follo~in~:= 
(1) AE'O th® ~Y®t®M® bO~fi9 U~®d ®gg®etiVGly ~nd ggo m~~iMUffi 
b®n®gitffi b®in~ obt~i~od. 
(2) ~o gg® th® o~®~~ og th® ~y~t®~Q. 
(3) ~ho~ld th® ~y~t®m ~® ®~t®nd®d ~egoBo the goo~ gg tho 
f~eto&''f ~nd ho~. 
OE'd®E' to h®l& g@@OlV® th®I~H~ i~~U®I;J th® gollo~in~ t1ill bo 
d®~tt;l~®n bf ~gi9id Quinn ~ncl lil~fi~9®d by ~ ~t®oE'in~ ~E'OY{9) oz 
Sirn&®O!il, J. W'oo(il.® t;l&A(il. R. ~g~e®. 
( 1 ) Unde:>&'tg~® g fooctioofll ~tudy ()~ th® ®~i®tifl~ 3 ~QUX1'1 
~y®tGiiRB. '!'hi® ~~oul~ ®~Qmin®. 
·(g) t1Jl!gt ®~©Jill ®'fOt<Jo b®ifl~ u~®d fog, _ 
(b) ~~t ®Q~Jill IDf©~o~ io ~ b®ift~ u~®d gog but eould b®, 
flfi~ 
~e) A&'G thogo othG&' ~Gn®fit® to b® obt~ifl®d ~nd ho~. 
. 
( 2) U!!doEt~lw Q gtmetiof2!01 f®g~ibili ty ~tu~y in hmcJ thG ~y®t®lii 
eould bo. i~&lo~ontc@ ggeto&'y=~ido. Thig ~hoYld id<Jntigy 
tho »©tonti£1 bonog~t~, th® E'®®ouE'e®® ~®quigo~, gftd tho 
m®t~@~ tfigt coul~ bo 0M&loyad. 
(3) Un~O&'t~~O g t®Ch~i~l g®£Bibility ~tu~y. D®~®~~i~® thG 
o&ti~~ h~~~~QE'G/~oa~w~~® to ~~&&o~t (~) th® ®~i®tifl9 3 
~y~t®ID$~n~ (~) tho ~WDte~ :!,g im&l<Jffi®ftt®d ggetogy~~idG. 
100'7/1 
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Th®~~ 3 atudi®~ will b® und®bt~k®n $®qu®ntiQlly and &t th® ®nd oZ 
®@eh will ba r@~ort®d b&ck to th® St®®ring Group prior to 
continuing with th® n~~t. Time~e&l®~ will b® &gr®Gcl with th~ 
5t®®l:'ing g"l:'OU&. 
Di~tributiorn.: 
Copi®~ 
ELOOO'l/~ 
B. Quinn, G. Sim~~on, J. Wood~ 
L.E. For®men, D.V. O~k®§ 
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Table 8ol Possible Softare Packaqes : Mini Based Systems 
================================================================================================================= 
PACKAGE I I SUPPLIER COJ\~A.C'":: 
J-----------~--------------------------------------------------------------------------------------------------­~-----------------------------------------------------------------------------------------------------------------
I 
I 
I 
I 
MAINPAC l Cruickshank Management Resources Ltdu CAM Centreu Makerfield Wayu Inceu l Mr D G:l~ard 
l Wigan 
l Telephone : 0942 495483 
~----------------------------------------------------------------------------------------------------------------·-
MAINTENANCE 
MANAGEMENT SYSTEM 
l Hoskynsu Hoskyns Houseu 77-79 Cross Streetu Saleu Cheshireu M33 lHF 
: Telephone : 061 9693611 
JY!S J Jav:.es 
! ----------------------------------------------------=---------..--=--------~-=-------------------------'='"~- ...... ~~""""'~~-.-.~-=>o-----·""" 
IDHAMMER MAINTENANCE l Idhammeru Index Houseu Ascotu Berkshireu SL5 7EU 
MANAGEMENT SYSTEM l Telephone : 0990 23404 
l Mr C :< CQo;:»er 
! -
! --=--------~-------------------------------------------------------------_, ________ ..,. __ ~--=-~-~~..,..,....---...,.._,.-~----<-oo~.-.~,----,..--......-,<=-·~ ... ~~O<C>·C30 
l RAPIER 
I 
I 
I 
I 
l Resource Management Systemsu 51-53 Church Roadu Ashfordu Middlesex 0 
l TW15 2TY 
l Telephone : 0784 253505 
Mr I rcc:::::ully 
:----------------------------------------------------------------------------------------------------~·~-·~~~~-~··~ 
l TEROMAN l Scicon Limitedu Wavendon Tavernu Wavendonu Milton Keynesu MK17 8LX ! Ms P c~aig 
l l Telephone : 0908 585858 l 
:----------------------------------------------------------------------------------------------------------------·-
l 
l 
TEMPO l Tandem Maintenance Services Ltdu Moorgate Business Centreu ! Mr K ~ Bo~ser 
l 3 Moorgate Roadu Rotherhamu S60 2EN 
l Telephone : 0709 375723 
:----------------------------------------------------------------------------------------------------~-~~» •·~~c ·~~·~·~ 
l HELMSMAN l MTASu 12-22 Albert Streetu Birminghamu B4 7UD l Mr A G~ddes 
l Telephone : 021 6324863 l 
================================================================================================================= 
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